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PREFACE 

TO 

THE    THIRD    EDITION 


The  continual  demand  for.  this  book  induces  the  author 
to  publish  a  new  edition.  Owing  to  the  rapid  advance  of 
engineering  science,  which  has  made  so  many  new  methods 
and  machines  available,  a  thorough  revision  has  been  neces- 
sary, and  some  of  the  chapters  have  been  almost  entirely 
re-written. 

The  original  purpose  and  plan  of  the  book  remain.  In 
the  First  Part  the  author  endeavours  to  classify  and  link 
together  the  technical  and  economic  conditions  which  deter- 
mine the  success  or  failure  of  Public  Works  and  Engineering 
ventures,  and  in  doing  this,  he  enumerates  those  preliminary 
particulars  on  which  designs  and  estimates  of  cost  can  alone 
be  framed.  Considering  how  numerous  are  the  branches 
of  engineering  science,  and  how  great  the  variety  of  works 
arising  out  of  them,  it  is  obvious  that  in  the  compass  of  a 
single  volume  it  would  be  impossible,  even  if  the  author  pre- 
sumed to  attempt  it,  to  deal  exhaustively  with  them.  But 
as  an  aid  to  those  who  may  be  interested  in  the  projecting  of 
engineering  enterprises,  an   investigation  of  the  preliminary 


viii  Mathesofis  Aid-Book, 

points  above  referred  to  may  be  possible  and  useful,  espe- 
cially where  promoters  of  new  undertakings  abroad  seek  the 
assistance  of  British  engineers,  capitalists,  or  contractors — 
with  whom  it  is  important  to  have  a  clear  common  under- 
standing. 

In  the  Second  Part  attention  is  drawn  to  the  various 
modes  of  forming  contracts,  and  to  the  conditions  necessar>^ 
to  the  choice  and  purchase  of  engineering  material,  these 
particulars  being  given  specially  as  an  aid  to  Foreign  and 
Colonial  transactions,  in  which  disappointment  often  arises 
from  want  of  a  full  understanding  between  those  concerned. 

London  :  September  1898. 
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CHAPTER   I. 

ENGINEERING  ENTERPRISE  IN  GREAT  BRITAIN. 

PARLIAMENTARY  PROCEDURE  FOR   RAILWAYS.     BRITISH 

AND  FOREIGN  LEGISLATION  COMPARED. 


J      -JHUfar  Although  it  is  the  purpose  in  the  following  pages 

to  treat  more  of  foreign  than  of  home  enterprises, 
it  may  be  convenient  first  to  summarise  such  of 
the  British  usages  in  these  matters  as  may  serve 
as  a  basis  of  comparison  elsewhere.     For  the  in- 
ception of  engineering  undertakings,  there  have 
grown   up,  through  long  exp>erience,  regulations 
and  conditions,  many  of  which  are  now  embodied 
in  precise  codes  of  law  and  rules  of  procedure. 
These  rules  may  be  of  use  even  to  those  outside 
Great  Britain  who  have  to  initiate  large  works, 
and  who  may  adopt  as   equitable  some  of  the 
principles,  if  not  the  precise  details,  of  English 
practice.     On  the  other  hand,  unless  the  differ- 
ences of  circumstance,  locality,  and  security  are  properly  appre- 
hended, foreign  enterprises  and  estimates  of  profit  based  on  the 
success  of  similar  undertakings  in  Great  Britain  will  be  found  to 
fail  in  practice. 

While  the  tendency  in  England  during  the  present  century  has 
been  mainly  in  the  direction  of  free-trade,  restrictions  of  an  entirely 
different  kind  have  at  the  same  time  been  growing  up,  of  which  the 
Mines  Regulations  Acts,  the  Education  Acts,  the  Factory  Acts,  and 
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Legislative       the  Compensation  for  Accidents  Act,  may  be  cited  as  examples. 

reetrictions.  .       '     . 

Although  these  Acts  have  been  framed  in  the  interests  of  the  public, 
they  none  the  less  enhance  the  cost  of  coal,  iron,  and  machinery, 
and  have  weighted  many  manufacturing  interests  in  the  competition 
with  those  foreign  rivals  to  whom  such  restrictions  are  unknown. 
There  are  other  laws  which  affect  engineers  and  control  their  de- 
signs. Among  these  are  the  Board  of  Trade  regulations  for  railways, 
steamships  and  electric  lighting,  the  bye-laws  of  river  conservators 
and  harbour  commissioners,  to  all  of  which  conformity  is  required. 
There  are  also  the  rules  of  voluntary  societies,  which  are  in  effect 
equally  binding.  Lloyd's  rules  demand,  as  a  condition  of  registry, 
certain  dimensions  and  qualities  of  vessels ;  fire-insurance  companies 
have  rules  as  to  buildings,  and  for  the  protection  of  electric  con- 
ductors \  steam-boiler  associations,  a  certain  margin  of  strength  in 
boilers ;  and  to  all  these,  engineers  have  to  conform  to  an  extent 
that  is  not  customary  in  regard  to  similar  matters  abroad. 

But  while  enjs^neering  projects  are  thus  controlled  by  legislative, 
municipal,  and  voluntary  enactments,  equally  striking  is  the  contrast 
between  British  and  foreign  usage  in  the  respect  paid  to  vested 
interests.  In  an  old-established  and  crowded  country  like  England, 
large  engineering  enterprises  generally ■  involve  considerable  interfer- 
VcBted  interests,    ence  with  existing  rights,  and  can  only  be  commenced  and  carried  on 

by  the  authority  of  Parliament  Although  during  the  fifty  years 
following  the  introduction  of  railways  the  system  of  legislation  in 
regard  to  these  and  kindred  enterprises  has  been  altered,  simplified, 
and  improved,  yet  from  the  first  conception  of  a  new  undertaking, 
every  step  in  advance  is  fenced  round  with  elaborate  precautions  for 
the  protection  of  those  affected,  the  interests  most  carefully  guarded 
being  those  of  the  owners,  lessees  and  occupiers  of  land,  who,  if 
compelled  to  sell,  become  entitled  to  the  utmost  value  of  their 
property,  and  to  compensation  for  incidental  loss  by  severance.  The 
nature  of  the  precautions  adopted  may  be  exemplified  by  stating  the 
prescribed  course  of  parliamentary  procedure  in  the  case  of  a  pro- 
posed new  railway ;  rules  of  similar  import  being  applicable  to  other 
laige  undertakings. 

Local  promoters,  capitalists,  or  others  who  have  determined  on  a 
new  railway,  generally,  as  a  first  step  subscribe  among  themselves  for 
the  preliminary  expenses,  or  ask  subscriptions  for  the  purpose  from 
those  most  interested,  or  even  at  this  early  stage  invite  subscriptions 
for  shares.     The  opinion  of  an  engineer  is  asked  as  to  the  feasibility 
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and  cost  of  the  new  line,  and  the  engineer  makes  a  preliminary 
survey  of  the  country  with  trial  sections,  marking  one  or  more  pos- 
sible routes  on  the  Ordnance  map.  If  the  information  thus  obtained  Ordnance  mapa. 
proves  sufficiently  favourable  to  warrant  further  action,  a  certain 
route  is  adopted,  the  preliminary  surveys  and  estimates  of  cost  are 
revised,  and  plans  and  sections  on  a  scale  prescribed  by  the  Standing 
Orders  of  both  Houses  of  Parliament,  of  not  less  than  four  inches  to 
the  mile,  and  a  vertical  scale  of  not  less  than  one  inch  to  loo 
feet,  are  prepared,  showing  the  line  of  railway.  The  existing 
Ordnance  maps  are  often  adopted,  but  it  is  only  where  the  Ordnance 
map  of  the  district  in  question  is  drawn  up  to  four  inches  to  the  mile 
that  such  a  small  scale  is  adopted.  All  buildings  have  to  be  drawn 
to  a  scale  of  not  less  than  one  inch  to  400  feet,  so  that  where  a 
smaller  scale  is  used  for  the  general  plan,  separate  enlarged  details 
have  to  be  furnished.  As  it  would  be  impossible  at  this  early  stage 
to  define  exactly  the  width  and  extent  of  land  required,  **  limits  of 
deviation  "  of  100  yards  on  each  side  of  the  line  are  delineated,  and 
within  these  limits  the  engineer  will  be  permitted,  if  the  railway  is 
authorised,  to  construct  the  necessary  works.  A  book  of  reference  Bpok  of  reference. 
to  the  plans  has  also  to  be  prepared,  containing  the  names  of  all 
owners,  lessees,  and  occupiers  of  land  or  houses  within  the  limits  of 
deviation. 

The  plans,  sections,  and  book  of  reference  are  generally  printed, 
and  copies  of  those  portions  affecting  counties,  towns,  or  parishes  are 
deposited  in  each  case  with  the  clerk  of  the  peace,  pirish-clerk,  or 
other  local  functionary.  Notices  in  a  prescribed  form  have  also  to 
be  served  on  the  owners,  lessees,  and  occupiers  whose  land  is  on  the 
line,  or  is  comprised  within  the  limits  of  deviation  informing  them  of 
what  particular  property  may  be  taken  from  them,  and  where  the 
plans  and  book  of  reference  may  be  inspected.  Moreover,  as  part  of 
such  notice,  is  a  request  that  an  answer  be  sent  back,  announcing 
assent,  neutrality,  or  dissent  with  reference  to  the  proposed  under- 
taking, the  answers  having  to  be  embodied  by  the  promoters  in  a 
schedule  for  Parliament.  Notices  have  also  to  be  inserted  as 
advertisements  in  one  newspaper  in  each  county  through  which  the 
line  passes,  and  in  the  London  Gazette^  and,  if  the  railway  touches 
more  than  one  county,  in  one  London  newspaper  also.  With  the 
exception  of  the  Gazette^  where  one  insertion  only  is  needed,  all 
these  advertisements  must  appear  twice,  namely,  once  in  each  of  two 
successive  weeks,  with  an  interval  of  six  clear  days  between  the 
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publications,  in  October  or  November,  no  advertisement  appearing 
later  than  November  27. 

The  project  has  to  be  set  forth  in  what  is  termed  a  "  Private 
Bill,"  in  contradistinction  to  the  **  Public  Bills,"  which  relate  to  pub- 
lic or  imperial  measures ;  and  as  the  promoters  seek,  by  obtaining 
the  sanction  of  the  Legislature  to  their  Bill,  to  transform  it  into  an 
Act  of  Parliament  (which  is  the  term  applied  after  it  has  passed  both 
Houses,  and  received  the  Royal  assent),  authorising  compulsory 
purchases  and  other  interference  with  the  rights  of  others,  it  is 
necessary  to  include  in  the  Bill  every  power  requisite  for  this  purpose. 
A  copy  of  the  Bill,  together  with  a  copy  of  the  Gazette  notice,  plans, 
sections,  estimates,  book  of  reference,  and  Ordnance  map,  have  also 
to  be  deposited  in  the  Private  Bill  Office  of  the  House  of  Commons, 
with  the  Clerk  of  the  Parliaments  for  the  House  of  Lords,  at  the 
office  of  the  Board  of  Trade,  at  the  Treasury,  and  at  the  General 
Post  Office,  and  also — where  tidal  waters  are  affected  by  bridges, 
embankments,  or  otherwise — with  the  Harbour  Department  of  the 
Board  of  Trade,  and,  in  certain  cases,  at  other  Government  Depart- 
ments. There  is  no  Minister  of  Public  Works,  so  called,  in 
England ;  but  many  of  the  functions  generally  entrusted  to  such  a 
Minister  are  in  England  performed  by  the  Board  of  Trade,  where 
there  are  permanent  official  engineers  to  examine  the  plans,  to  see 
that  nothing  in  the  laying  out  of  the  railway  is  prejudicial  to  the 
safety  of  the  public.  The  official  inquiry  is  at  this  stage  confined  to 
such  matters  as  the  crossing  of  roads  and  the  arrangement  of  junc- 
tions ;  but  if  the  railway  be  authorised  and  made,  a  stricter  inspection 
of  details  takes  place  before  the  opening  of  the  line  for  passenger 
traffic  is  permitted.  For  there  have  grown  up  during  the  years  of 
railway-making,  certain  standards  of  fitness,  which,  in  the  interests 
of  the  public,  are  enforced— the  strength  of  bridges,  the  length  of 
stations,  and  the  arrangement  of  signals  being  examples  of  the 
numerous  points  upon  which  conformity  to  rules  is  required. 

As  some  bar  to  idle  or  vexatious  applications  for  Private  Acts,  a 
deposit  of  money,  which  may  be  termed  "  caution-money,"  or  approved 
security,  amounting  for  railways  to  5  per  cent,  on  the  estimated  cost 
of  the  undertaking,  has  to  be  made  at  a  public  office — that  of  the 
Chancery  Division  of  the  High  Court  of  Justice.  Formerly  this 
money  was  forfeited  if,  in  case  the  railway  was  sanctioned,  it  was  not 
completed  within  the  time  prescribed  by  the  Act,  or  within  any 
extension  of  time  granted  by  a  new  Act,  or  unless  the  undertaking 
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was,  by  permission  of  Parliament,  abandoned.  This  rule  as  to  for- 
feiture has  been  relaxed,  but  even  where  abandonment  is  permitted, 
and  the  deposit  returned,  landowners  are  allowed  compensation  for 
any  injury  they  may  have  sustained  by  the  operation  of  the  Act,  such 
compensation  being  made  to  them  out  of  the  deposit-money  before 
repayment  to  the  promoters. 

The  Bill,  plans,  estimates,  and  notices  having  been  advertised  and 
deposited,  as  just  described,  on  or  before  certain  fixed  days  in  the 
months  of  November  and  December,  and  the  caution-money  depo- 
sited in  January,  the  application  to  Parliament  is  fairly  launched, 
and  must  be  proceeded  with  according  to  fixed  rules,  entitled 
"  Standing  Orders/'  in  the  session  of  Parliament  commencing  in  standing  orders. 
February.  The  number  of  Private  Bills  presented  to  Parliament  is 
so  great,  and  the  questions  involved  so  numerous  and  complicated, 
that  it  has  become  more  and  more  necessary  that  the  preliminary 
investigation  should  be  concluded  before  the  measures  come  to  the 
stage  of  discussion  on  their  merits.  Two  permanent  examiners  are 
therefore  appointed,  whose  duty  it  is  to  examine  every  Bill,  and 
to  decide  whether  the  rules  of  procedure  above  described,  and 
which  are  set  forth  in  the  Standing  Orders,  have  been  comph'ed 
with,  and  to  report  thereon  to  the  special  committees  deputed  to 
receive  them.  While  the  Bill  is  before  the  examiners,  the  pro- 
moters are  required  to  attend  to  prove  that  they  have  satisfied  the 
prescribed  conditions.  This  stage  in  the  proceedings  affords  the 
first  opportunity  for  those  who  desire  to  oppose  the  Bill  to  bring 
forward  their  objection  that  the  Standing  Orders  of  Parliament  have 
not  been  complied  with  in  respect  to  the  Bill.  Landowners,  rival 
companies,  and  others  may,  and  frequently  do,  attend  by  agent  to 
argue,  not  on  the  merits  of  the  undertaking,  but  that  the  preliminary 
conditions  or  Standing  Orders  have  not  been  complied  with.  Opposi- 
tion at  this  stage  is  not,  however,  confined  to  those  whose  interests 
may  be  directly  affected,  but,  as  the  regulations  of  Standing  Orders 
have  been  framed  in  the  public  interests,  anyone  may  attend  and 
draw  attention  to  errors  or  omissions  in  regard  to  compliance,  other 
than  errors  directly  affecting  owners,  lessees,  or  occupiers  of  land, 
which  can  only  be  noticed  by  those  direcdy  interested  in  the  land. 
As  from  time  to  time  there  are  modifications  in  the  Standing  Orders, 
a  new  edition  is  published  every  year. 

There  are  Parliamentary  agents — often  solicitors — whose  special 
business  it  is  to  manage  Private  Bills,  and  who  support  or  oppose 
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them  as  the  interests  of  their  clients  may  require.  If  the  examiners 
report  that  the  Standing  Orders  have  not  been  complied  with,  the 
Committee  of  each  House  on  Standing  Orders  appointed  each  session, 
who  receive  the  report,  have  to  consider  whether  there  be  any  reason 
why  compliance  should  be  dispensed  with,  and  whether  in  their  opinion 
the  parties  to  the  new  undertaking  should  be  allowed  to  proceed 
with  their  Bill  or  any  portion  of  it,  and,  if  so,  under  what  conditions. 
Where  exemption  is  granted,  it  is  generally  because  the  omissions 
have  been  trivial,  or  because  the  public  convenience  would  suffer  by 
the  stoppage  of  the  Bill.  If  Standing  Orders  have  not  been  com- 
plied with,  and  if  no  exemption  from  compliance  is  accorded,  the 
Bill  fails,  and  can  proceed  no  further,  although  the  promoters  may 
start  again  in  the  next  session  of  Parliament,  if  they  choose.  If  the 
report  is  in  its  favour,  the  Bill  is  read  a  first  time  in  that  of  the  two 
Houses  to  which  it  is  presented.  All  Bills,  public  and  private,  have  to 
be  presented  to  and  sanctioned  by  both  Houses  of  Parliament,  and  have 
finally  to  receive  the  Royal  assent,  the  Private  Bills  for  railways  and 
similar  undertakinjgs  being  initiated  in  one  or  other  House,  as  may  be 
arranged  by  the  authority  of  the  two  Houses.  At  the  commencement 
of  every  session  each  House  appoints,  by  means  of  a  "  Committee 
of  Selection,"  committees  of  its  members  to  consider  and  report  upon 
Private  Bills  classified  according  to  their  kind.  Those  Bills  which 
have  passed  the  ordeal  of  '*  Standing  Orders  "  are  generally  read  a 
first  and  second  time  without  opposition,  and  are  at  once  referred  to 
one  of  the  committees  for  consideration.  Those  who  intend  now  to 
oppose  the  Bill  on  the  merits  must  present  their  petitions  within  a 
limited  time  after  the  first  reading  (in  the  Lords  after  the  second 
reading).  The  promoters  may  object  to  the  locus  standi^  or  right  to  be 
heard,  of  the  petitioners,  and — if  the  Bill  be  in  the  Commons — the 
petitions  and  objections  are  referred  to  other  officials,  called  the 
Court  of  Referees,  who  decide  the  point  whether  the  petitioners  are 
or  are  not  to  be  heard ;  and  their  decision  on  this  point  is  final. 

In  Public  Bills  the  discussion  and  contest  on  the  principles  of  the 
measure  take  place  on  the  second  reading,  before  the  Bill  is  referred 
to  a  committee,  and  if  a  Private  Bill  is  one  of  very  great  importance, 
it  may  also  be  discussed  at  this  stage,  and  stopped  if  a  majority  so 
wills  it.  But  this  occurs  rarely  with  Private  Bills,  which,  if  they  have 
passed  "  Standing  Orders,"  are  read  a  second  time  and  referred  to  a 
committee  almost  as  a  matter  of  course.  The  committee,  having 
before  them  the  plans  and  sections,  also  large  maps  or  diagrams,  hear 
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the  evidence  brought  forward  by  the  promoters  and  their  counsel  or 
agents  in  favour  of  the  project.  The  opponents  of  the  Bill  appear 
here  also,  and  by  their  counsel  or  agents  argue,  and  by  their  witnesses 
attempt  to  prove,  that  the  Bill  should  be  rejected,  the  principal 
pleas  generally  being  that  the  undertaking  is  not  really  needed  in 
the  interests  of  the  public ;  that  it  will  interfere  unjustly  with  rival 
undertakings,  with  land,  property,  or  other  existing  interests;  that 
the  engineering  details  are  defective ;  and  that  the  work  cannot  be 
constructed  for  the  amount  of  the  estimate.  In  arguing  for  or  against 
the  Bill,  the  "  Preamble,"  which  is  equivalent  to  the  "  Declaration 
of  Public  Utility "  usual  in  foreign  schemes,  is  first  considered,  for 
Parliamentary  powers  are  held  to  be  in  restriction  of  the  liberty  of 
the  subject,  and  those  who  seek  them  have  the  onus  thrown  on  them 
of  proving  the  necessity.  If  it  can  be  shown  that  the  reasons 
adduced  for  the  project  are  not  correct  or  sufficient,  the  committee 
may  determine  that  the  preamble  is  not  proved,  and  so  report  to  the 
House ;  such  a  report  having  generally  the  effect  of  terminating  the 
Bill.  If,  however,  the  preamble  be  proved,  then  the  Bill  is  discussed, 
and  such  clauses  as  are  obnoxious  to  the  opponents  contested  step  by 
step.  In  the  interests  of  landowners,  of  rival  companies,  or  the  public, 
the  conditions  are  often  modified  or  new  conditions  imposed,  so  that 
if  the  Bill  succeeds  in  obtaining  the  approval  of  the  committee,  it 
frequently  does  so  in  a  somewhat  different  state  from  that  in  which 
it  was  first  presented  for  examination.  The  Bill  is  then  reported 
to  the  House  as  approved,  the  report  is  considered,  and  the  Bill  is 
then  read  a  third  time  and  passed. 

Having  been  thus  passed  in  one  House,  the  Bill  has  to  be  pre- 
sented to  the  other,  and  to  pass  through  the  same  ordeal  of  committee 
and  approval,  although  there  are  slight  differences  in  the  procedure. 
For  instance,  objections  to  the  locus  standi  of  petitioners  are,  in  the 
Lords,  not  considered  by  a  Court  of  Referees,  as  in  the  Commons,  . 
but  by  the  committee  on  the  Bill  when  it  meets.  The  verdict  of  its 
committee  is  by  each  House  almost  always  adopted ;  but  if  the  Bill 
is  one  which  excites  much  interest,  it  is  sometimes  discussed  in  the 
full  House,  and  decided  by  the  vote  of  the  majority.  In  such  case 
a  Bill  may,  by  a  resolution  of  the  House,  be  referred  back  to  the 
committee,  or  if  the  importance  of  the  matter  warrant  it,  be  con- 
sidered in  a  committee  of  the  whole  House,  and  if  a  majority  so  will 
it,  pass,  in  spite  of  the  previous  adverse  determination  of  the  smaller 
committee.    Although  the  Bill  may  be  opposed  when  it  is  first  pre- 
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sentcd,  and  at  each  of  the  three  readings,  and  at  the  consideration  of 
the  committee's  report,  and  at  the  final  passing,  the  usual  time  for 
discussion  and  voting,  if  such  take  place  at  all  in  the  House  itself,  is 
at  the  second  reading.  Opposition  after  the  second  reading  and  after 
passing  the  committee  is  very  rare,  and  in  the  vast  majority  of  cases 
the  procedure  beyond  this  point  is  only  formal.  If  the  Bill  fails  in 
either  House  it  is  lost,  ^ut  if  it  be  passed  by  both  Houses  of  the 
Legislature  it,  as  a  matter  of  course,  receives  the  Royal  assent,  and, 
as  an  "  Act  of  Parliament,"  becomes  law,  the  refusal  of  the  Royal 
assent  to  Private  Bills  being  practically  unknown. 


It  is  not  intended  here  to  enumerate  all  the  conditions  which 
must  be  fulfilled,  but  the  foregoing  is  a  brief  summiry  of  the  process 
of  legislation  on  railways  in  Great  Britain.     For  Harbours,  Docks, 
Tramways,  Waterworks,  and  other  large  engineering  enterprises,  the 
procedure  is  very  similar,  special   conditions  and  rules  as  found 
necessary  by  experience  for  these  particular  undertakings  having 
been  adopted  and  embodied  in  the  Standing  Orders.     Certain  kinds 
of  undertakings — of  which  Water,  Harbour,  and  Sewage   Works; 
Parks,  Embankments,  and  Piers,  may  be  cited  as  examples — are  often 
projected  by  Corporate  bodies,  to  whom  certain  facilities  are  granted 
Facilities  granted  in  the  matter  of  procedure.     Thus,  when  a  Private  Act  is  promoted 
orpora  ons.     ^^  Commissioners,  a  Corporation,  or  others  in  the  public  interests, 
the  money  for  the  undertaking  being  raised  by  public  rates,  caution- 
money  is  not  required  as  in   those  cases  where   undertakings  are 
constituted  for  the  pecuniary  profit  of  shareholders  or  others.     The 
number  of  Private  Acts  applied  for  in   this  way  has   tended   to 
increase.     Where  a  Bill  is  promoted  or  opposed  by  a  Town  Council  * 
or  other  representative  body,  ratepayers  or  others  cannot,  unless 
they  have  personal  interests,  oppose  the  view  of  their  representatives, 
even  though  they  form  part  of  a  strong  minority  of  the  citizens 
opposed  to  the  action  of  their  officials. 

Parliamentary  procedure  is  always  expensive,  and  where  the  pro- 
gress of  private  Bills  is  opposed,  the  cost  of  obtaining  an  Act  is 
Excessive  costs,    sometimes  enormous.     In  the  case  of  Railway  Bills  which  have  been 

keenly  contested,  the  cost  has  in  some  rare  notable  instances  even 
exceeded  ;^ 5000  per  mile;  excessive  expenditure  appearing  in  this 
way  at  its  worst  where  the  expenses  have  to  be  divided  over  a 
short  mileage.  Even  where  there  is  no  opposition,  the  mere  routine 
expenses  are  so  considerable,  and  bear  so  high  a  proportion  to  the 
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entire  cost  of  small  undertakings,  as  to  stop  the  progress  of  those 
that  require  legislative  sanction.  To  meet  cases  of  this  sort,  and 
for  undertakings  of  which  Gasworks  or  Waterworks  in  small  towns, 
where  there  is  no  great  interference  with  private  interests,  may  be 
quoted  as  examples,  the  Legislature  permits  an  easier  process  than 
that  just  described.  "  Provisional  Orders  of  the  Board  of  Trade," 
authorising  such  undertakings,  are  granted,  if,  on  inquiry  by  respon- 
sible officials,  the  scheme  appears  equitable  and  desirable.  Plans 
and  particulars  have  to  be  deposited  by  the  promoters  at  the  Board 
of  Trade  in  the  month  of  November,  somewhat  in  the  same  way  as 
just  described  for  Private  Bills,  but  in  a  simpler  and  less  expensive 
manner,  and  by  the  spring  of  the  following  year  the  excimination  of 
the  scheme  is  concluded.  About  the  month  of  June  or  July  in 
every  session  a  special  Bill  is  promoted  by  the  Board  of  Trade  for 
confirming  Provisional  Orders,  and  in  this  Bill  are  included  all  the 
schemes  which  have  been  examined  and  approved  since  November,  Confirmatory  Act 
the  expenses  attendant  on  the  passing  of  the  necessary  Act  being 
borne  by  the  Government.  Sufficient  opportunities,  which  need 
not  be  stated  here,  are  afforded  to  those  affected  by  any  of  the 
schemes,  to  oppose  them,  but  almost  invariably  the  schemes  recom- 
mended by  the  Board  of  Trade  are  confirmed  by  Parliament,  and 
are  included  in  the  general  confirmatory  Act.  The  Board  of  Trade 
decides  in  each  case,  when  it  is  presented  to  them,  whether  the  under- 
taking is  one  which  may  be  properly  sanctioned  by  Provisional  Orders, 
and,  if  not,  may  at  their  discretion  transfer  the  matter  to  a  committee 
of  Parliament  for  examination  and  further  progress  as  an  ordinary 
Private  Bill ;  but  the  tendency  in  recent  years  has  been  to  extend  the 
use  of  this  form  of  legislation  in  regard  to  engineering  enterprises. 

Other  Legislative  enactments  have  been  framed  to  facilitate  the 
making  of  small  railways,  where  the  landowners  and  other  persons 
beneficially  interested  all  consent ;  and  in  such  a  case  the  Board  of 
Trade  (which  is  supposed  to  examine  and  amend  the  scheme  in  the 
interests  of  the  public)  grants  a  certificate  permitting  the  railway  to 
be  made.  The  advantages  expected  from  these  facilities  have  not, 
however,  been  realised,  for  it  has  been  found  impossible  in  the  great 
majority  of  cases  to  obtain  the  necessary  unanimous  consent  While, 
however,  this  system  has  been  found  inoperative  in  England,  where 
vested  interests  are  so  numerous,  it  may  be  suitable  and  beneficial  in 
a  new  or  pastoral  country  where  but  few  persons  are  interested  in 
the  land. 
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Before  leaving  this  subject  to  deal  with  enterprises  of  various 

kinds  in   foreign   countries   it  may  not  be  out  of  place  to  refer 

British  procedure   shortlv  to  somc   characteristics  of  the    British    procedure  which 

reviewed  • 

appear  most  significant.  While  public  law-making  may  be,  and 
often  is,  at  the  discretion  or  caprice  of  Ministers  or  Parliament, 
of  a  sudden  and  unexpected  character,  legislation  for  private  under- 
takings cannot  be  so.  All  private  measures  are  by  their  publi- 
cation, submitted,  as  has  been  seen,  to  criticism  and  comment 
long  before  Parliament  meets,  so  that  no  one  can  complain  that 
he  or  his  class  are  surprised  by  any  Private  Act.  The  Standing 
Orders  of  both  Houses  are  framed  to  prevent  hasty  legislation, 
requiring  as  they  do,  and  as  has  been  described  in  the  preceding 
pages,  that  in  order  that  Bills  may  be  discussed  in  Parliament 
between  February  and  August  in  one  year,  the  notices  shall  have 
been  given,  and  advertisements  shall  have  appeared,  in  October  or 
Procedure  November  of  the  year  previous.  In  all  these  matters  of  procedure 
improvements  have  been  made,  which  not  only  tend  to  the  protection 
of  private  interests,  but  render  the  work  of  promoters  easier.  Not 
the  least  of  the  improvements  has  been  the  assimilation  of  the  rules 
of  the  two  Houses  of  Parliament,  and  the  reference  of  all  pre- 
liminary questions  to  the  same  set  of  permanent  oflicials.  In  the 
opinion  of  many  promoters,  parliamentary  agents,  and  others  specially 
qualified  to  judge,  further  progress  in  this  direction  is  needed.  Joint 
Joint  committees,  committees  of  the  two  Houses  are  even  now  sometimes  appointed - 

to  settle  such  questions  as  the  amalgamation  of  railways,  and  if  by 
some  one  tribunal  of  this  sort  all  Private  Bills  could  be  discussed, 
the  enormous  expense  now  occasioned  by  the  double  inquiry  would 
be  avoided.  But  there  is  a  not  unnatural  jealousy  in  both  Houses- 
concerning  any  proposed  abandonment  of  their  separate  powers,  and 
sooner  than  relinquish  such  powers  directly,  it  is  probable,  if  an 
increasing  press  of  business  force  a  change,  that  more  of  the  real 
work  of  investigating  will  be  left  in  the  hands  of  the  permanent 
paid  officials  already  referred  to.  As  so  much  of  the  time  of 
Parliament  is  occupied  with  private  legislation,  it  is  also  suggested 
that  these  questions  be  dealt  with  by  local  tribunals,  or  in  other 
words  by  a  species  of  "  home  rule."  On  the  other  hand,  though 
time  and  expense  might  be  so  saved,  it  is  questionable  if  so  much 
impartiality  would  be  found. 

For  while  parliamentary  committees  do  not  form  perfect  tribunals, 
no  one  in  recent  times  has  charged  them  with  wilful  unfairness  or 


Part  I.] 


Payment  to  Contractors. 


II 


corruption.  Happily,  in  Great  Britain,  the  public  men  who  in  both 
Houses  make  up  the  committees  are,  with  very  rare  exceptions,  of 
such  a  character  as  to  command  respect  for  impartiality,  ability,  and 
disinterestedness.  It  is  doubtful  whether  any  court  could  be  consti- 
tuted, even  in  London,  more  satisfactory  to  business  men  than  a 
committee  of  Peers,  presided  over  by  an  experienced  chairman.  It 
is  equally  doubtful  whether  there  could  be  any  courts  freer  from 
suspicion  than  the  average  committees  both  of  Lords  and  Commons, 
who  administer  a  system  of  procedure  which  has  grown  up  to  suit  the 
special  questions  brought  under  their  control. 

The  further  ,procedure  in  regard  to  British  enterprises  is  too  well 
known  to  need  much  description.  A  municipality,  a  company  of 
capitalists,  or  others  who  have  determined  on  some  undertaking,  and 
who  have  obtained  their  Act  of  Parliament  as  described  in  the  fore- 
going pages,  then  procure  from  their  engineer  such  further  plans 
and  specifications  as  will  enable  contractors  to  estimate  the  cost  of 
the  work,  and  upon  such  a  basis  tenders  are  invited.  The  competi- 
tion may  be  limited  to  a  few  contractors  who  are  known  as  capable 
by  the  engineer ;  or  the  competition  may  be  thrown  open  by  adver- 
tisement to  all  who  choose  to  tender.  That  offer  having  been 
accepted  which  is  considered  to  be  the  most  favourable,  the  works 
are  then  commenced,  and  the  contractor  is  paid  in  money  or  other 
values  according  to  the  terms  of  his  agreement.  The  contract  may 
or  may  not  prove  profitable :  that  is  a  matter  for  the  contractor. 
The  work  after  its  completion  may  or  may  not  prove  remunerative : 
that  is  a  matter  for  those  who  pay  for  it ;  but  for  most  w^orks  of  public 
importance  the  two  aspects  of  the  case  are  kept  quite  distinct.  The 
reasons  which  have  prompted  contractors  in  England  occasionally  to 
accept  payment  in  shares,  obligations,  or  something  other  than  money, 
are  various.  Sometimes  it  is  sheer  speculation,  and  the  temptation 
of  the  nominally  high  prices  which  in  such  cases  are  generally 
obtained  As  regards  railways,  however,  and  some  other  classes  of 
works,  the  special  regulations  usually  contained  in  the  authorising 
Acts  of  Parliament  with  regard  to  the  issue  of  debentures,  have 
been  the  chief  cause  of  such  ventures.  In  most  cases,  debentures 
cannot  be  legally  issued  until  the  whole  of  the  share  capital  has  been 
subscribed,  and  a  certain  proportion — usually  one-half — paid  up  ; 
and  in  more  recent  railway  legislation  the  stringency  of  this  condition 
has  been  increased  by  the  provision  that  not  only  must  one-half  the 
share  capital  be  paid  up,  but  that  such  half  shall  include  at  least 
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20  per  cent  of  each  particular  share  before  any  issue  of  debentures 
can  take  place. 

It  frequently  happens  that  difficulty  is  experienced  in  obtaining 
subscriptions  from  the  public  for  shares  in  new  undertakings,  the 
revenue  from  which  is  largely  a  matter  of  conjecture.  In  these 
circumstances  the  contractor — who  may  probably  have  taken  the 
initiative  in  obtaining  Parliamentary  powers,  and  is  principally  respon- 
sible for  all  expenses  up  to  the  passing  of  the  Act— subscribes,  either 
personally  or  by  his  nominees,  for  whatever  portion  of  the  shares  is 
not  otherwise  applied  for,  the  money  paid  by  him  in  respect  of  such 
shares  being,  perhaps,  almost  immediately  returned  to  him  as  pay- 
ment for  work  done.  The  issue  of  the  debentures,  which  may  be 
nearly  sufficient  in  amount  to  defray  the  whole  of  the  contractor's 
real  outlay,  is  thus  rendered  legal ;  and,  as  a  rule,  investors  are  more 
ready  to  lend  money  on  such  debentures,  and  bankers  to  make 
advances,  than  upon  ordinary  shares.  There  have  been  enough 
successful  ventures  of  this  kind  on  the  part  of  contractors,  especially 
at  times  when  money  has  been  plentiful  or  speculation  rife,  to  tempt 
similar  action  again,  and  railways  so  made  have  been  numerous 
enough  to  be  classed  as  "  contractors'  lines."  But  there  have  been 
also  many  disastrous  failures,  and  such  methods  of  promoting 
engineering  enterprise  are  often  looked  upon  in  England  with  dis- 
favour. It  would  certainly  be  erroneous  to  consider  such  arrangements 
as  usual  or  approved.  In  respect  to  debentures  and  their  relation  to 
shares,  there  is  the  evident  difference  between  the  British  system 
and  that  obtaining  in  the  United  States,  where  the  bonds  generally 
form  almost  the  whole  real  capital  of  the  undertaking. 

There  is  a  growing  tendency  in  Great  Britain  to  widen  the  scope 
of  municipal  enterprise,  and  to  construct  public  works  out  of  public 
funds  rather  than  at  the  expense  of  private  capitalists.  Not  only 
gas,  water,  and  drainage  works  are  undertaken  by  corporations,  but 
in  many  cities  electric  lighting  and  tramways  also.  It  is  necessary, 
however,  to  obtain  the  special  sanction  of  the  Board  of  Trade 
for  the  loans  raised  for  these  purposes,  and  stringent  conditions  are 
imposed  in  regard  to  the  repayment  within  a  specified  term  of 
years.  A  still  wider  field  has  been  opened  by  the  modern  insti- 
County  Councils,    tution  of  County  Councils  who,  acting  for  a  larger  area  than  the 

older  municipal  bodies,  are  likely  to  undertake  wider  duties.  Water 
supply  schemes  for  large  districts,  light  railways  for  agricultural 
purposes,  the  regulation  of  rivers,  and  the  transmission  of  power, 
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are  examples  of  enterprises  likely  to  be  undertaken  out  of  public 
funds. 

It  is  not  the  present  purpose  to  refer  further  to  what  is  customary 
in  Great  Britain.  Those  who  are  concerned  in  such  matters  know 
what  to  do,  or  have  ample  means  at  hand  for  obtaining'  information 
and  advice.    In  regard  to  very  many  foreign  undertakings  the  course  Poreiirn 

is  not  so  clear,  and  to  these  cases  attention  will  be  now  directed.      "nderuking*. 
And  as  general  principles  of  prudence  are  not  confined  to  localities, 
what  follows  may  in  many  instances  apply  equally  well  to  home 
enterprises. 

All  countries,  according  to  their  civilisation  and  the  usages  of  the 
people,  have,  of  necessity,  laws  and  customs  regulating  those  engineer- 
ing works  which  affect  public  or  private  interests.  The  extent  to 
which  such  enterprises  require  control  depends  of  course  everywhere 
on  their  nature  and  magnitude,  and  it  has  been  shown  how  fully  BritUh  procedure 
existing  interests  are  studied  in  Great  Britain;  but  there  is  one  compare  . 
marked  difference  between  the  laws  which  regulate  these  matters 
and  those  which  prevail  in  the  foreign  countries  which  most  require 
British  aid.  In  Great  Britain  there  is  an  almost  unlimited  supply  of 
capital  ready  for  any  enterprise  which  appears  profitable,  and  if,  for 
instance,  a  district  is  in  manifest  need  of  a  railway,  or  a  town  of 
waterworks,  there  are  eager  engineers,  capitalists,  and  contractors  to 
design  and  construct  the  works.  Hence  for  the  vast  majority  of 
works  the  Government  of  the  country  has  no  need  to  initiate  or 
even  to  encourage  enterprise,  and  so  far  as  it  interferes  at  all  in 
such  matters,  does  so  only  to  regulate,  control,  or  even  forbid.  In 
European  countries  of  the  first  rank  there  are  codes  of  laws  and 
official  regulations  as  strict  and  as  well  defined  as  in  Great  Britain. 
The  continental  Governments,  in  regard  to  railways  and  other  large 
engineering  works,  may  be  said  generally  to  exercise  more  control 
in  the  authorisation  and  management  than  in  England.  In  these 
countries  many  of  the  railways  are  under  State  control,  the  State  aids  state  aid. 
them  by  national  funds,  and  promotes  legislation  which  has  in  view 
the  still  further  conversion  of  these  large  engineering  undertakings 
into  national  property.  Competition  is  not  permitted  to  the  same 
extent  as  in  England,  and  there  is  everywhere  more  of  what  may  be 
termed  paternal  control.  Many  of  the  earlier  continental  railways 
were  constructed  by  English  engineers  and  contractors,  but  there  is 
now  more  home  capital  and  skill  available. 


14  Mathesons  Aid  Book.  [Chap.  I. 

In  those  British  Colonies  which  have  their  own  Legislatures,  the 
Colonial  public     example  of  the  parent  country  has  been  largely  followed  in  the  forms 

works 

of  parliamentary  procedure  by  which  new  undertakings  are  sanctioned. 
But  the  Colonial  Parliaments  and  Governments  have  much  more  to 
do  than  in  England  with  the  initiation  of  new  works,  and  have  also 
to  assist  in  providing  the  necessary  funds.  This  does  not  arise  from 
any  lack  of  enterprise  among  the  colonists,  but  from  lack  of  cheap 
money.  There  is  not  in  the  Colonies  the  same  large  class  of  private 
Lack  of  capital  in  investors  with  available  capital,  and  content  with  a  safe  three  or  four 

the  Colonies.  .        i        ^   ,      • 

per  cent  mterest ;  and  as  those  who  have  money  in  the  Colonies 
can  employ  it  actively  in  profitable  undertakings,  the  current  rate  of 
interest  for  ordinary  commercial  transactions  is  always  much  higher 
than  in  England.  Hence  people  are  glad  to  take  advantage  of  the 
abundant  wealth  in  England,  and  to  borrow,  by  means  of  their 
Government  and  Legislature,  at  a  much  lower  rate  than  would  other- 
wise be  possible.  The  money  is  generally  raised  in  the  shape  of  a 
Colonial  loans,  loan  for  which  the  credit  of  the  Colony  is  absolutely  and  uncondi- 
tionally pledged ;  and  investors  in  England,  who  would  not  venture 
to  embark  their  capital  in  a  distant  country  in  railways  or  other 
speculative  enterprises  beyond  their  control,  will  trust  to  the  engage- 

.9/^  Loans. /it^r  30.  ments  of  the  Government  who  have  invited  the  loan.     Happily,  the 

good  credit  of  Great  Britain  is  shared  by  her  Colonies,  which  can 
borrow  at  from  three  and  a-half  to  four  per  cent. 

Some  of  the  business  in  England  for  the  smaller  Colonies  is 

Crown  Aflrents  lor  managed  by  the  Crown  Agents  for  the  Colonies  in  London.     The 

Crown  Agents  consist  of  two  or  more  officials  appointed  by  the 
Secretary  of  State  for  the  Colonies,  and  these  agents  are  aided  by  a 
sufficient  staff  of  assistants  and  professional  advisers.  The  agents 
and  thcT  assistants  are  paid  by  salaries,  and  make  no  other  pecuniary 
profit  from  their  office ;  and  as  the  total  expenses  of  the  establish- 
ment are  provided  by  contributions  from  about  thirty  Colonial 
Possessions,  in  proportions  according  to  the  services  they  require, 
the  cost  to  each  is  very  little.  The  Crown  Agents  negotiate  Colonial 
loans,  arrange  with  English  contractors  for  the  construction  of  rail- 
ways, purchase  material  for  railways,  harbours,  bridges,  or  waterworks, 
and  generally  perform  the  duties  necessary  for  Colonies  who  depend 
on  Great  Britain  for  their  supplies. 

Most  of  the  larger  representative  or  self-governed  Colonies  have 
-  J    .J  appointed  agencies  of  their  own  in  Londoa,  consisting  generally  of 

Agents-Qcnerai.    an  Agent-General  and  staff,  who,  besides  attending  to  the  business 


Part  I.] 


Colonial  Public  Works. 


IS 


Public  works  of 
India. 


just  described,  promote  emigration  and  attend  to  the  political  interests 
of  their  respective  Colonies ;  but  occasionally  even  in  some  of  these 
cases  the  agents  associate  themselves  with  the  Crown  Agents  for 
important  or  delicate  matters,  such  as  the  negotiation  of  loans  or  the 
administration  of  railways.  In  these  Colonies  there  is  an  increasing 
public  opinion  in  favour  of  local  contractors,  and  in  some  of  favouring 
local  manufacturers  by  protective  tariffs. 

But  whether  managed  by  the  Crown  Agents,  or  separately  by  their 
own  special  agencies,  the  business  of  the  Colonies  in  England  is 
administered  independently  of  the  Home  Government,  which  (except 
that  it  has  promoted  the  establishment  of  the  Crown  Agents)  inter- 
feres neither  with  their  loans  nor  with  the  public  works  or  purchases 
to  which  the  produce  of  the  loans  is  applied. 

In  India  the  principal  railways  have  been  constructed  by  means  5'^^IkdianGuaram. 
of  private  capital,  but  with  Government  guarantees.  The  Govern- 
ment of  India  thought  it,  however,  expedient  to  abandon  this  policy, 
and  has  since  constructed  railways  and  other  works  out  of  current 
revenue  or  with  money  raised  by  public  loan.  The  Local  Govern- 
ments and  Administrations  ha  e  a  limited  power  of  undertaking 
railways  and  other  public  works  by  means  of  capital  borrowed  on  the 
security  of  local  revenues ;  but  the  principal  works  are  undertaken 
only  when  recommended  by  the  Governor-General  in  India  in 
Council,  and  sanctioned  by  the  Secretary  of  State  for  India  in 
London. 

In  the  opinion  of  those  best  able  to  judge,  there  is  great  need  and 
ample  opportunity  for  more  railways  in  India,  if  the  Government 
would  encourage  priva  e  enterprise  by  facilities  and  by  moderate 
guarantees.  ITie  direction  in  which  State  railways  are  likely  to  be 
extended  will  be  determined  as  much  by  strategical  as  commercial 
requirements,  but  the  latter  are  sufficient  alone  to  justify  extension. 

In  the  smaller  Dependencies  of  Great  Britain,  which  are  admi- 
nistered as  Crown  Colonies,  where  there  is  no  Legislature,  all  public 
works  have  to  be  sanctioned  by  the  Secretary  of  State  for  the  Colonies 
in  Londom  If  sanctioned,  the  expenditure  for  minor  works,  such 
as  the  maintenance  of  roads,  is  made  direct  from  the  local  revenues ; 
but  all  large  contracts  and  all  purchases  in  England  are  arranged  by 
the  Crown  Agents  for  the  Colonies. 

The  works  connected  with  the  defences  of  fortified  stations,  such 
as  Gibraltar,  Malta,  and  Bermuda,  are  managed  by  the  Engineering  Fortified  sutions 
Departments  of  the  War  Office  and  Admiralty  in  London,  although 
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the  civil  business  even  of  these  Dependencies  is  conducted  by  the 
Crown  Agents  for  the  Colonies. 

While,  however,  the  Colonial  and  Indian  railways,  harbours,  and 
other  important  works,  which  are  beyond  the  means  of  local  revenues, 
are  thus  constructed  by  means  of  borrowed  capital,  or  in  the  case  of 
smaller  Dependencies  and  fortified  stations  by  funds  voted  by  the 
Imperial  Legislature,  and  while  the  carrying  out  of  the  works  is  paid 
for  in  money  as  regularly  as  in  England,  there  is  ample  room  for 
enterprise  in  many  smaller  affairs  of  the  kind  described  in  succeeding 
chapters,  and  which,  besides  the  aid  of  the  contractor,  require  that 
of  speculative  capitalists. 

But  in  other  foreign  countries,  and  especially  in  those  semi-civilised 
or  newly-settled,  the  Government  has  very  different  duties  to  perform. 
The  construction  of  roads,  railways,  harbours,  and  other  works  may 
be  all  important  to  the  prvjgress  and  prosperity  of  the  country,  and 
yet  there  may  be  neither  skill  nor  capital  available.  Outside  aid  has 
therefore  to  be  invited,  and  this  can  be  done  successfully  only  by 
offering  facilities,  granting  concessions,  and,  in  fact,  permitting  and 
assisting  the  foreign  capitalist  to  perform  the  works  and  to  reap  the 
profits  arising  from  them,  leaving  for  the  people  of  the  country  the 
general  or  indirect  benefits  which  will  result  Instead,  therefore,  of 
having,  as  in  Great  Britain,  to  satisfy  rigid  conditions,  to  conform  to 
fixed  rules,  and  to  pay  largely  for  land  and  compensation,  the  English 
capitalist  has  offered  to  him  abroad,  facilities  and  inducements  which 
may  appear  liberal,  but  which  necessitate  on  his  part  the  close  inspec- 
tion, the  rigid  inqu'-ry,  and  the  guarantees  which  in  England  he  would 
be  obliged  to  assent  to  rather  than  to  demand. 

There  are  not  in  new  or  sparsely-populated  countries  the  numerous 
and  diversified  vested  interests  which  stand  in  the  way  of  undertakings 
in  Great  Britain ;  nor  are  the  vested  interests  which  have  grown 
up  so  stnctly  regarded  ;  and  especially  is  this  the  case  with  the  most 
powerful  of  interests,  that  of  the  owners  and  occupiers  of  land. 
Abundance  of  land,  and  facilities  for  acquiring  it,  go  far  to  com- 
pensate for  the  lack  of  capital  and  skill ;  and,  indeed,  many  of  the 
most  successful  engineering  enterprises  carried  out  in  foreign  countries 
would  have  been  impossible  had  it  not  been  for  the  great  facilities 
granted  with  regard  to  land. 
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The  money  necessary  for  town-drainage,   street  cleaning,   and 
similar  municipal  works,  is  generally  raised  by  local  taxation ;  and 
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only  occasionally — as  sometimes  in  the  case  of  capital  cities^-do     Local  taxation 
national  funds  contribute.     In  some  foreign  cities  the  expenses  are 
defrayed  by  indirect  municipal  taxes,  levied  in  the  shape  of  octroi 
duty  on  goods  or  provisions  entering  the  city,  and  the  inhabitants  in 
most  such  cases  would  resent  the  imposition  of  the  more  economical, 
though  apparently  more  oppressive,  direct  taxation  by  rates  according 
to  rental.    Octroi  duties  require  the  employment  of  numerous  officials ; 
involve  smuggling,  with  its  attendant  evils ;  and  cause  an  enhance* 
ment  of  price  to  the  retail  purchaser,  equivalent  not  merely  to  the 
tax  but  also  to  the  profit  on  the  tax  which  each  trader  through  whose 
hands  the  commodities  pass  puts  upon  his  outlay.   To  these  immediate 
evils  are  added  delays  and  other  restraints  of  trade  which  interference 
always  involves,  an  octroi  duty  often  being  in  effect  a  transit  tax  on 
goods  merely  passing  through  the  town ;  for  though  systems  of  draw- 
backs or  refunding  are  generally  estab!ished,  the  regulations  are 
vexatious  enough  to  turn  the  scale  against  a  town  so  hampered,  in 
the  competition  of  traders  to  make  the  market  an  entrepot  or  centre 
of  commerce.    In  England,  octroi  taxation  is  almost  unknown,  except 
in  the  case  of  port  or  harbour  dues,  which  are  most  frequently  levied 
on  coal  or  com,  and  are  in  some  English  towns  applied  to  muni- 
cipal purposes.     In  this  way  the  wine  and  coal  duties  of  London 
were  perpetuated,  and  13//.  per  ton  levied  on  all  coal  entering  the 
metropolitan  district  (an  area  of  more  than  500  square  miles)  was 
applied  to  the  main  drainage  and  the  freeing  of  toll  bridges.     The 
tax  ceased  in  1889. 
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1'he  word  "  Concession,"  which  has  been  placed  at  the  head  of  this 
chapter,  is  a  general  term,  which  is  well  understood  now-a-days  to 
express  ihe  grant  or  permission  from  a  State  or  other  authority  which 
alone  can  authorise  the  execution  of  any  public  work.  Such  enter- 
prises are  either  those  of  public  utility,  such  as  Railways,  Harbours, 
Bridges ;  or  those  of  local  utility,  such  as  Water,  Gas,  or  Drainage 
works. 

In  foreign  cities  or  countries,  the  demand  for  works  of  these  kinds 
may  come  directly  from  the  Government  or  the  inhabitants,  or  may 
be  suggested  in  the  first  instance  by  those  who  hope  to  make  a  profit 
if  they  can  only  arouse  a  desire  for  the  works  in  question.  Those 
who  procure  the  concession  and  thus  initiate  or  lead  the  way  in  such 
enterprises  are  generally  known  as  promoters. 

In  many  foreign  countries  there  are,  as  in  Great  Britain,  ample 
means  for  paying  for  works  of  utility.  A  Government  or  Municipality 
may  provide  the  money  out  of  public  funds,  or  may  raise  the  money 
by  taxes,  imposts,  or  rates  levied  for  the  purpose.  A  few  private 
capitalists  may  unite,  or  public  contributions,  small  and  great,  if 
sufficient  in  the  aggregate,  may,  through  the  ordinary  machinery  of  a 
joint-stock  company,  be  rendered  available.  In  such  cases  as  these, 
if  outside  aid  be  sought,  it  is  only  for  engineering  skill  to  design, 
or  for  contractors  with  experience  and  means  to  carry  out,  the  works, 
or  for  both  these  purposes.  But  it  often  happens  that  the  necessary 
funds  are  not  forthcoming,  and  the  aid  of  the  British  capitalist,  as 
well  as  that  of  the  engineer  or  contractor,  has  to  be  obtained 

Perhaps  the  Government,  or  Municipality,  may  be  able  to  pay, 
but  only  in  obligations  or  bonds  instead  of  in  money ;  or  although 
able  ultimately  to  pay  in  money,  cannot  do  so  till  the  work  in 
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question  is  completed.  In  either  case  somebody  must  provide 
money  to  pay  for  the  works  during  progress,  and  here  the  functions 
of  the  capitalist,  or  the  capitalist-contractor,  commence.  There  is 
a  great  variety  of  circumstances  and  combinations  in  these  matters ; 
and  in  this  and  the  following  chapters  some  suggestions  are  made  with 
regard  to  the  financial,  local,  and  technical  conditions  which  are 
essential  to  success. 

In  asking  consideration  for  any  new  scheme,  the  first  duty  of  the 
promoter  is  to  furnish  ample  information;  and,  simple  as  such  a 
condition  may  appear,  it  is  one  seldom  thoroughly  appreciated. 
The  following  statement  of  what  the  preliminary  information  should 
include,  applies  generally  to  most  engineering  enterprises,  and  it  will 
be  seen  throughout  that  five  interests  are  in  view,  those  of  the  public, 
the  capitalist,  the  engineer,  the  contractor,  and  the  promoter.  It  is 
impossible  to  distinguish  exactly  between  these  interests,  as  the 
functions  of  each  class  are  oflen  combined,  or  overlap  those  of  the 
others.  According  to  the  manner  in  which  an  enterprise  is  pre- 
sented for  consideration,  and  the  kind  of  aid  which  is  sought,  will 
the  different  suggestions  in  the  following  pages  apply.  The  informa- 
tion which  will  be  required  may  be  classified  as  follows : — 

1.  The  Nature  of  the  Undertaking. 

2.  The  Need  for  the  New  Undertaking. 

3.  The  Terms  and.  Validity  of  the  Concession. 

4.  The  Estimated  Cost  of  the  Undertaking. 

5.  The  Nature  and  Amount  of  the  Payment  or  Profit. 

6.  Under  what  Control  and  Jurisdiction  the  Works  are  to  be 

executed  and  maintained. 

7.  The  Price  or  Consideration  to  be  paid  for  the  Concession, 

1.  The  Nature  of  the  Undertaking, — The  work  having  been  speci- 
fied as  Railway,  Harbour,  or  otherwise,  the  extent  and  objects  of  the 
work  should  be  stated.  The  detailed  technical  and  local  information 
required  is  described  in  succeeding  chapters,  under  the  respective 
headings  of  the  various  undertakings. 

2.  The  Need  for  the  New  Undertaking, — It  is  obvious  that  enter- 
prise directed  towards,  the  supply  of  an  indisputable  want,  is  more 
likely  to  succeed  than  where — other  conditions  being  equal — the  need 
is  problematical,  or  is  not  obvious.  If  the  want  in  the  locality  is 
not  sufficiently  notorious,  and  if,  as  a  justification  for  the  new  enter- 
prise, the  success  of  similar  schemes  elsewhere  is  adduced,  evidence 
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will  be  required  to  show  that  the  circumstances  of  the  different 
localities  are  sufficiently  alike  to  warrant  the  representations  of  the 
promoter.  But  even  if  there  is  the  assurance  of  good  management 
under  conditions  seemingly  as  favourable  as  before,  it  is  necessary 

Insufficient  scope,  to  show  that  there  is  sufficient  scope  for  the  new  enterprise.     Of 

the  various  points  of  view  from  which  such  cases  will  have  to  be 
regarded,  two  examples  may  be  given.  A  railway  may  be  projected 
in  a  district  where  an  existing  railway  already  runs,  and  although  the 
new  line  may  pass  through  different  towns,  it  may  interfere  with  or 
rival  the  older  undertaking.  The  commerce,  existing  or  probable,  of 
the  locality  may  not  within  a  reasonable  time  be  able  to  provide 
sufficient  traffic  for  the  two,  and  the  rates  for  even  this  diminished 
traffic  may,  by  the  new  competition,  be  reduced.  Or,  to  take  another 
example,  capital  may  be  sought  to  work  a  quarry  of  marble  of  a  very 
high  quality.  It  may  be  indubitably  shown  that  similar  marble  sells 
for  forty  shillings  per  cubic  foot,  and  it  may  be  proved  with  equal 
clearness  that  every  week  five  hundred  cubic  feet  of  marble  can  be 
got  from  the  new  quarry  at  a  cost  of  twenty  shillings  per  foot  The 
calculation  of  profit  appears  easy.  But  there  is  probably  only  a 
limited  demand  for  so  high  a  quahty  of  marble ;  new  customers  for 
five  hundred  feet  per  week  may  not  easily  be  found :  and  the  new 
quarry  will  only  be  able  to  share  in  the  trade  of  the  existing  quarries. 
But  more  than  this,  the  buyers  of  marble,  hearing  that  capital  is  being 
sunk  in  a  new  quarry,  will  postpone  their  purchases  in  the  hope  that 
the  coming  competition  will  reduce  prices ;  an  immediate  reduction 
in  price  will  probably  be  the  result ;  and  the  proprietors  of  the  new 
quarry  may  find,  when  they  are  ready  to  sell,  that  the  mere  anticipa- 
tion of  their  sales  has  caused  the  market  price  of  this  kind  of  marble 
to  fall ;  and  that  they  can  only  sell  one  hundred  feet  per  week,  at  a 
price  of  thirty  shillings  per  foot.  Of  course  an  example  of  this  kind 
applies  with  less  force  to  an  article  in  common  demand,  such  as  coal, 
iron,  or  copper;  but  the  same  principle  applies  in  most  cases  in 

See  Copp«R,  /.  369.    some  degree.     The  value  of  copper  fell  from  ^80  to  jQ^o  per  ton 

in  a  short  time  from  this  cause,  notwithstanding  a  large  increase  in 
the  consumption  of  copper.  And  it  must  be  borne  in  mind  that  an 
increase  in  the  supply  will  generally  have  a  more  than  proportionate 
effect  on  prices.  Thus  if  in  the  corn  market  there  is  an  increase  of 
5  per  cent  in  the  supply,  prices  will  probably  fall  more  than  5  per 
cent,  because  of  the  competition  of  all  sellers  to  dispose  of  their 
Scarcity  raises     stock.    A  Scarcity  tells  as  strongly  in  the  opposite  way,  for  if  the 

prices. 
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supply  be  reduced  5  per  ceut,  prices  may  rise  10  per  cent,  in  the 
struggle  of  many  buyers  wishing  to  buy  before  the  prices  rise  higher, 
and  the  comparative  indifference  of  sellers  to  part  quickly  with  their 
goods  in  a  rising  market.  Weight  must,  however,  be  given  to  the 
fact  that  a  supply  sometimes  creates  a  demand  ;  and  this  especially 
is  the  case  where  the  price  is  reduced  or  where  a  new  enterprise  is 
commenced  in  a  thriving  or  growing  community.  A  railway  causes 
traffic  that  never  existed  before ;  a  convenient  harbour  brings  ships ; 
electric  lighting  awakens  a  desire  for  the  improved  light;  a  new 
market-hall  tempts  customers. 

3.  The  Terms  and  Validity  of  the  Concession. — The  kind  of  conces- 
sion, or  the  terms  on  which  the  work  is  to  be  undertaken,  must  be 
fully  set  forth,  and  especially  with  reference  to  the  conditions  enume- 
rated on  pages  23  to  33.  It  must  be  shown  that  the  official  or  other 
bodies  who  have  granted  the  concession  have  acted  within  their 
powers ;  and  the  confirmation  should  be  produced  of  any  Sovereign, 
President,  or  Assembly  whose  consent  is  necessary.  To  still  further 
give  satisfaction  on  this  point,  it  must  be  shown  that  the  concession 
does  not  clash  with  any  granted  previously,  or  with  any  existing 
privileges.  Written  concessions,  documentary  evidence  of  all  kinds, 
and  signatures,  should  admit  of  verification,  and — in  the  case  of 
countries  not  under  British  jurisdiction — should  be  so  verified  by 
notarial  and  consular  declarations. 

4.  The  Estimated  Cost  of  the  Undertaking, — In  the  case  of  rail- 
ways, harbours,  and  other  large  works,  preliminary  surveys  and 
estimates  by  competent  engineers  are  necessary,  and  promoters 
should  at  an  early  stage  obtain  by  these  means  at  least  some  Estimated  cost  of 
approximate  idea  of  cost.  They  have  therefore  to  decide  upon  the 
amount  of  money  they  will  spend  in  these  preliminary  investigations. 
Sometimes,  where  similar  works  have  been  executed  elsewhere  under 
somewhat  similar  conditions,  the  experience  so  gained  may  be  suffi- 
cient for  preliminary  purposes;  but  where  «uch  evidence  stands 
alone,  it  is  always  received  with  hesitation.  In  cases,  however, 
where  structures  or  machinery  form  a  large  proportion  of  the 
scheme,  where  the  local  circumstances  do  not  therefore  form  a  very 
'im])ortant  element  in  the  cost,  sufficiently  accurate  estimates  may 

be  made  in  England,  if  the  essential  and  easily-obtainable  particulars 
are  furnished.  The  nature  of  the  information  r»^quired  for  different 
kinds  of  works  is  described  in  each  case  as  it  occurs  in  the  following 
chapters.     If,  however,  to  obtain  sufficient  information,  preliminary 
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surveys  are  necessary,  and  the  promoters  having  only  furnished 
meagre  information,  invoke  the  aid  of  the  capitalists  to  make  these 
surveys,  they  will  probably  have  to  give  the  option  of  taking  up  the 
concession  on  certain  terms,  or  otherwise  bind  themselves  for  a 
certain  period  to  whoever  so  aids  them. 

Preliminary  expenses  fall  properly  on  the  promoters,  and  those 
promoters  who  show  a  disposition  to  share  in  the  risks  of  a  new 
enterprise  are  always  listened  to  with  more  attention  than  are  those 
who  ask  that  all  may  be  done  for  them.  Such  willingness  is  naturally 
taken  as  proof  of  confidence  in  the  soundness  of  a  scheme.  So  also 
the  co-operation  of  local  capitalists  has  weight.  However  poor  a 
country  may  be,  it  seldom  happens  that  there  are  not  some  who 
have  means  for  profitable  undertakings ;  and  as  people  residing  on 
the  spot  have  special  facilities  for  estimating  the  probabilities  of 
success,  and  would — unlike  the  foreign  capitalist — share  in  the 
indirect  public  advantages  expected  from  the  scheme,  the  absence  of 
such  home  aid  suggests  doubts  as  to  the  genuineness  of  the  enter- 
prise. There  are,  of  course,  exceptions  to  this  rule  in  those  cases 
where  the  local  capitalists,  never  having  seen  similar  undertakings 
before,  or  being  ignorant  of  the  benefits  that  will  result,  hesitate  to 
join  in  an  expenditure  of  which  the  returns  seem  to  be  problematical. 
So,  also,  there  are  cases  in  which  it  is  expedient  to  keep  the  capital 
within  a  limited  circle. 

In  estimating  the  cost  of  any  new  undertaking,  sufficient  margin 
must  be  left,  not  only  for  contingencies  during  construction,  but  for 
working  capital  and  expense  of  management  after  completion,  until 
sufficient  revenue  is  forthcoming.  Even  if  the  spare  capital  be  not 
called  up,  it  is  most  important  that  it  be  available  when  required, 
as  without  it,  money  has  often  to  be  raised  on  onerous  conditions, 
which  absorb  the  profits  of  the  enterprise.  The  interest  on  capital 
during  construction  has  also  to  be  considered. 

5.  The  Nature  and  Amount  of  the  Payment  or  Profit, — This  is 
obviously  one  of  the  most  important  matters  in  connection  with  a 
new  enterprise,  and  as  it  is  one  which  more  than  any  other  deter- 
mines the  adoption  or  rejection  by  capitalists  of  a  project  presented 
for  their  consideration,  it  is  useless  to  present  it  unless  full  informa- 
tion be  furnished  on  which  the  profits  may  be  estimated. 

Where  simple  and  secure  money  payments  are  offered  in  return 
for  material  to  be  supplied,  for  services  10  be  rendered,  or  works 
to   be  executed,  ordinarv  and  well-known  conditions  of  business 
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will  apply ;  and  occasional  mention  is  made  of  these  in  succeeding 

chapters.     The  regular  money  payments  made  to  contractors  in 

England  and  her  Colonies  have  been  already  referred  to;  the  con-  Sm ^a^ws i^ and  15. 

ditions  of  payment  usual  in  purchasing  material  for  shipment  to  a 

foreign  country  will  be  also  described  further  on.     But  in  many  of  sr^  Purchakb  for 

the  foreign  enterprises  brought  to  England  for  consideration  and        cfaj!*xyii. 

adoption,  the  kind  of  payment  or  profit  offered  in  return  for  the 

aid  which  is  sought  is  of  an  entirely  different  nature  to  the  foregoing,  Deferred 

mainly  because  such  profit  is  deferred  or  speculative.     The  mere        P*y">«"  ■• 

fact  of  having  to  depend  on  payments  in  a  foreign  country  not  under 

English  jurisdiction,   is  in  itself  a  cause  of   hesitation  to  many 

capitalists  and  contractors;  but  the  facilities  which  now  exist  for 

international  transactions  render  this  difficulty  a  small  one  where 

legal  remedies  are  as  certain  and  as  capable  of  enforcement  as  in 

England     A  serious  difficulty,  and  one  which  ofcen  forms  a  bar 

to  British  enterprise  abroad,  is  the  want  of  sufficient  legal  security,   security  'wanting. 

or  the  hampering  of  the  concession  or  contract  by  conditions,  the  *'*'>'•''  54 

risks  of  which  are  not  easily  measured. 

Capitalists  generally  value  the  payment  or  profit  offered  to  them 
in  proportion  as  it  appears  marketable  or  transferable  to  others.  In 
some  cases — and  these  are  the  really  speculative  ones— capitalists  Power  of  transfer 
employ  their  own  money  temporarily  in  the  hope  of  transferring  their 
property  in  the  undertaking  at  an  enhanced  price  when  they  have 
developed  it.  In  other  cases  they  assure  themselves  of  this  transfer 
before  they  commit  themselves  to  the  enterprise.  The  separate  ste^.i^t^x, 
functions  of  the  contractor  and  the  capitalist  are  further  defined  in 
another  chapter ;  but  in  any  case,  if  the  work  is  to  be  paid  for  as  it 
proceeds,  the  periods,  conditions,  and  amounts  of  tlie  payments  will 
have  to  be  very  clearly  defined ;  and  when  this  stage  in  the  negotia- 
tions is  reached,  the  promoters  must  be  prepared  to  give  satisfactory 
information  as  to  the  ability  and  intentions  of  those  who  have  to 
pay.  If  the  profit  of  the  capitalists  is  to  consist,  all  or  in  part,  of 
revenue  to  be  derived  from  the  work  itself,  very  complete  information 
on  this  point  will  be  required ;  and  as  the  evidence  adduced  will  be 
subjected  to  rigid  examination,  the  promoters  must  be  prepared  to  Verification  of 
show  the  data  on  which  the  calculations  of  expected  earnings  have 
been  based,  and  to  afford  opportunities  for  verification.  In  cases 
where  payments  for  a  new  undertaking  are  to  be  made  without 
reference  to  future  revenue,  it  is  still  desirable  to  furnish  such  infor- 
mation,'so  that  if  satisfactory,  the  capitalists  or  contractors  may  have 
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the  more  confidence  in  the  soundness  of  the  undertaking,  and  in  the 
ability  of  those  interested  to  pay  for  the  construction.  It  is  never 
desirable  to  be  connected  with  what  may  possibly  become  an  un- 
profitable or  unfortunate  speculation,  even  if  free  from  a  share  in 
the  direct  loss. 

6.     Under  what  Control  and  Jurisdiction  the  works  are  to  be 
Control  of  works,    executed  and  maintained.     It  is  necessary  that  the  contractors  or 

capitalists  should  have  confidence  in  the  ability  and  fairness  of  the 
engineer  or  other  person  under  whose  direction  the  works  are  to  be 
carried  on.  In  the  case  of  works  executed  in  foreign  countries,  the 
autliorities  who  grant  the  concession  frequently  require  that  their 
own  engineers  shall  control  the  execution,  and,  as  a  condition  of 
payment,  certify  concerning  the  progress  and  completion  of  the 
works.  It  often  happens,  however,  that  the  works  have  to  be 
designed  as  well  as  carried  out  by  British  aid,  and  in  such  cases  it 
is  natural  that  the  engineer  who  designed  shall  superintend  the 
construction,  and  certify  the  completion.  The  justice  of  such  a 
condition  is  still  more  evident  when  British  capitalists  provide  the 
means,  or  an  English  contractor  undertakes  the  work,  and  in  such 
cases  the  capitalist  or  contractor  will  generally  insist  on  the  appoint- 
ment of  an  English  engineer,  whose  certificates  shall  be  received. 
Not  only,  however,  should  the  engineer  be  empowered  to  certify,  but 
he  should  be  bound  to  do  so  when  the  certificate  becomes  due; 
and  provision  should  be  made  in  case  he  is  unwilling  or  unable  to 
perform  this  necessary  function.  If  the  certificate  is  given  by  the 
engineer  directly  to  those  who  are  to  pay,  a  copy  of  it  should  be 
delivered  also  to  the  contractor.  As  the  revenue  to  be  earned  by 
the  undertaking  will  greatly  depend  upon  proper  maintenance  and 
management,  it  is  important  for  the  capitalists  or  contractors — if 
their  payment  or  profit  is  to  be  made  out  of  revenue — to  know  that 
the  management  shall  be  efficient  and  trustworthy. 

As  the  ultimate  appeal  in  case  of  dispute  is  always  to  the  law, 
capitalists  are  interested  in  knowing  by  what  law  they  will  be  bound 
during  the  execution  of  the  contract.  If  they  have  doubts  as  to  the 
stability,  powers,  or  fairness  of  the  courts  which  will  have  jurisdiction, 
they  may  probably  require  security  of  some  kind  in  Great  Britain  or 
ill  some  neutral  hands.  Questions  of  this  sort,  and  those  concerning 
arbitration,  are  matters  for  consideration  in  every  contract,  and  need 
not  be  further  referred  to  here. 
PHceofihe  7.     The  Pricc  or  Cofisideration  to  be  paid  for  the  Concession,-r-\\. 
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sometimes  happens  that  the  capitalists  or  contractors  treat  directly 
with  the  public  or  other  body  which  requires  the  works  in  question, 
without  introduction  by  any  third  party.  In  such  cases  it  may  be 
that  no  payment  or  consideration  has  to  be  made  beyond  the  works 
specified  in  the  concession  itself;  but  in  many  cases  the  earlier 
negotiations  are  carried  on  by  persons  locally  interested,  or  by  those 
who,  having  heard  of  a  possibly  profitable  enterprise,  arrange  con-  . 
ditionally  the  terms  of  a  concession,  and  then  seek  for  capitalists  to 
take  it  oflf  their  hands.  This  is  a  perfectly  legitimate  position  when 
fairly  taken  up,  and  is  often  a  source  of  considerable  profit  In  Promoters' profits, 
some  cases  a  promoter  demands  a  specific  sum  as  a  consideration 
for  introducing  a  profitable  undertaking.  If  the  profits  appear  very 
certain  he  may  obtain  payment  at  once,  or  may  be  content  with 
deferred  payments  spread  over  a  considerable  period.  The  pro- 
moter, however,  induces  confidence  by  allowing  his  own  profit  to  be 
dependent  on  the  success  of  the  enterprise.  This  may  be  arranged 
by  postponing  his  own  payments  till  the  completion  of  the  works, 
or— if  the  capital  be  raised  by  means  of  a  joint-stock  company — by 
taking  his  payment  in  shares  or  debentures,  whose  value  will  depend 
on  the  earnings  of  the  undertaking.     If  a  promoter  is  content  with       Payment  to 

.°  r     y  ,  1  .  promoter  deferred. 

an  equitable  arrangement  of  this  sort,  he  may  at  the  same  time 
stipulate  for  an  immediate  repayment  of  the  actual  expenses  already 
incurred.  If  these  are  not  unreasonable  in  amount,  they  may  be 
treated  as  part  of  the  general  expenses  of  the  undertaking,  and  paid 
for  out  of  the  new  capital  to  be  introduced.  Whatever  these  pay- 
ments may  be,  they  should  be  explicitly  and  fully  stated  in  all 
documents  inviting  public  subscriptions. 

The  capitalists  may  naturally  stipulate  for  the  assistance  of  the 
promoter  duriftg  the  construction  of  the  works,  and  expect  his 
influence  in  the  negotiations  as  well  during  the  progress  as  at  the 
final  settlement.  This  is  another  reason  why  some  of  the  payments 
to  the  promoter  should  be  postponed,  so  that  it  may  be  his  interest 
as  well  as  his  duty  to  give  his  aid  throughout. 

A  Government,  a  Province,  or  a  Municipality  may  grant  conces-  concessions  vary, 
sions  in  various  ways  : — 

A  simple  Permission  may  be  granied  for  the  execution  of  the 
works,  the  concessionnaires  being  left  to  make  their  own  arrange- 
ments for  the  purchase  of  land,  rates  of  tolls,  and  all  other  necessary        permission 
matters.     If  the  enterprise  promises  sufficient  profit,  this  permission  granted. 
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may  be  all  that  the  capitalists  will  require,  and  if  they  have  con- 
science in  the  laws  of  the  country,  and  have  no  fear  of  anything 
like  confiscation,  they  will  construct  the  works,  trusting  either  to 
sell  them  when  completed,  or  to  derive  from  them  a  sufficiently 
remunerative  revenue. 
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Facilities  or  Immunities  may  be  granted, — The  Government  of  a 
country  may  do  much  to  assist  and  encourage  works  of  utility  even 
in  those  cases  where  the  initiation  and  carrying  out  of  works  are  left 
to  private  enterprise.  Especially  is  the  assistance  of  a  Government 
needed  in  a  new  or  unexplored  country,  to  investigate  its  mineral  and 
other  resources,  to  make  surveys  and  maps,  and  to  record  the  infor- 
mation thus  obtained  in  a  convenient  form  for  reference.  Engineering 
enterprise  will  follow  more  quickly  if  such  information  be  afforded ;  a 
basis  is  created  on  which  roads  and  bridges  can  be  projected,  and  the 
further  development  of  the  country  is  greatly  facilitated.  Hydro- 
graphical  charts,  river  explorations,  mineralogical  and  meteorological 
reports  are  equally  important,  and  a  Government  which  thus  paves 
the  way  for  public  works,  in  most  cases  does  more  for  the  real  advan- 
tage of  the  country  than  by  spending  the  same  amount  of  money 
directly  in  railways,  telegraphs,  mines,  and  other  works,  which  are 
more  likely  to  be  successful  when  undertaken  by  private  capitalists. 
But  to  these  earlier  services  which  fall  within  the  legitimate  province 
of  a  Government,  must — if  capitalists  are  to  be  satisfied — be  added 
the  essential  safeguards  of  equitable  laws,  which  ensure  safety  to 
person  and  property. 

In  works  covering  any  considerable  extent  of  ground,  the  acqui- 
sition of  the  land  is  one  of  the  first  matteis  to  be  arranged,  and  one 
in  which  some  official  authorisation  is  necessary.  Such  authorisation 
is  generally  required  in  Great  Britain,  where  railways  and  other  public 
works  are  sanctioned  by  Parliament,  which  allows  the  compulsory 
purchase  of  land.  Even  in  countries  where  the  new  undertaking 
is  so  welcome  as  to  induce  landowners  to  give  their  land  gratuitously, 
it  is  well  to  obtain  such  powers  as  will  overcome,  if  necessary, 
the  possible  opposition  of  any  landowners.  In  some  cases  the 
Government  or  Municipality  will  give  land  or  site  gratuitously,  or 
at  a  merely  nominal  price ;  the  expropriation  of  the  land,  and  the 
negotiations  necessary  for  that  purpose,  being  often  undertaken  by 
a  Government,  who  guarantee  the  price  and  terms  on  which  the 
land  may  be  acquired  even  in  cases  where  ihey  do  not  assist  the 
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enterprise  iq  any  other  way.  A  Government  can  generally  obtain 
the  land  on  easier  terras  than  would  be  possible  by  concessionnaires, 
especially  if  they  be  foreigners,  although  in  some  cases  it  is  at  the 
expense  of  private  rights.  For  in  many  foreign  countries  the  State 
is  not  only  paramount,  but  the  individual  is  almost  disregarded,  and 
to  aid  in  an  undertaking  which  is  declared  to  be  for  the  public 
convenience,  he  is  compelled  to  sell  his  land  at  an  arbitrary  price 
fixed  by  public  officials.  Mining  privileges  are  accorded  in  many 
countries  on  specially  easy  terms,  with  facilities  for  acquiring  surface 
land  sufficient  for  the  necessary  works. 

Immunities  also  may  be  granted  by  the  exemption  from  import  or 
other  dues  of  the  tools  or  materials  to  be  used  in  construction,  or  by 
exempting  for  a  term  of  years  the  revenue  from  taxes,  or  by  allowing 
the  use  of  Government  wharfs,  railways,  or  canals  gratuitously  or  at 
favourably  low  rates. 


Stt  MiNIMO, 

•/^x'  344. 


Immunities 
granted. 


To  railway 
companies. 


A  Subsidy  may  be  granted, — In  some  cases  the  undertaking  may  Subsidies, 
be  of  such  importance  to  a  country,  a  province,  or  a  town,  that  the 
authorities  will  offer  an  inducement  to  foreign  capitalists  in  the  shape 
of  a  money  payment.  Such  a  subsidy  may  be  made  payable  when 
the  work  is  completed ;  but  if  the  principle  of  a  subsidy  be  admitted, 
and  if  the  undertaking  be  a  large  one,  payments  at  certain  specified 
periods  during  progress  are  generally  agreed  upon.  Sometimes  the  Oranu  of  Land, 
subsidy  may  not  be  in  money  but  in  land.  A  new  railway  or 
harbour ;  irrigation,  drainage,  or  reclamation  works  may  be  expected 
so  to  improve  the  adjoining  land  as  to  render  it  valuable.  In  such 
cases  it  is  not  unusual  to  share  with  the  capitalists  the  land  thus  to 
be  improved.  In  railways,  for  instance,  alternate  blocks  of  land  on 
either  side  of  the  line  are  often  pledged  to  the  capitalists,  and  become 
their  property  as  the  line  is  completed.  In  a  new  country  where 
land  is  plentiful,  this  is  frequently  an  advantageous  arrangement  for 
both  parties,  and  one  easily  adopted,  because  the  land  before  the 
railway  or  other  works  are  executed  is  generally  of  little  value.  It  is 
the  judicious  selection  of  such  surplus  land  with  the  view  to  future 
population  and  ulterior  profit,  that  has  rendered  so  many  colonial  or 
foreign  railways  practicable  or  possible.  Land  being  capable  of  sub- 
division can  be  sold  in  large  or  small  lots  to  suit  purchasers ;  and 
bonds  which  represent  the  land,  and  prospectively  pledge  it  as  the 
works  are  completed,  are  thus  available  for  large  or  small  investors, 
who  do  not  care  to  participate  directly  in  the  risks  of  the  enterprise. 


Land-bonds 
marketable. 
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If  engagements  for  subsidies  are  entered  into  with  stable  Govern- 
ments whose  credit  is  unblemished,  they  are  of  very  great  assistance 
in  the  raising  of  funds  for  the  woiks;  but  subsidies  are  sometimes 
considered  objectionable,  as  involving  too  much  Government  control 
or  official  interference. 

It  is  of  course  necessary  in  regard  to  all  subsidies  to  see  that  the 

written  engagements  are  clear,  well  defined,  and  within  the  powers 

Subaidiea  must  be  and  Capabilities  of  the  subsidising  authority..    If  bonds  which  repre- 

sent  engagements  are  qualified  by  vague  or  numerous  conditions, 
it  is  obvious  that  they  possess  little  negotiable  value  for  the  investor 
who  buys  them.  Where  land  is  offered  as  a  subsidy,  it  is  especially 
important  to  ascertain  that  those  who  promise  to  give  it  have  the 
right  to  do  so,  as  cases  are  not  unknown  where  land  pledged  by  a 
Government  has  been  afterwards  found  to  be  burdened  by  proprietary 
or  other  earlier  rights. 


Monopolies* 


For  terms  of 
years. 


Objections  to 
monopolies. 

Exceptions. 

See  Bridges,/.  134. 

Water,/.  196; 

Gas,/.  239; 

Elbctricity,/.  970 ; 

Tramways,/.  991 : 

Markets,/.  331. 


A  Monopoly  may  he  granted, — It  happens  sometimes  that  the  mere 
giving  of  permission  to  execute  works  may,  in  effect,  be  the  granting 
of  a  monopoly,  as  there  may  not  be  room  for  two  undertakings  of  the 
same  sort.  A  monopoly  in  express  terms  is  of  course  the  more 
valuable  concession,  as  it  is  a  protection  either  against  rival  schemes 
which  may  be  projected  simply  to  be  bought  up,  or  against  the  more 
or  less  legitimate  rivalry  at  a  future  time  when  the  profits  may  have 
so  increased  as  to  invite  such  competing  undertakings.  A  monopoly 
is  generally  for  a  term  of  years ;  and  if  the  nature  of  the  undertaking 
requires  it,  is  defined  by  a  distance,  as,  for  instance,  by  miles  on  each 
side  of  a  railway,  or,  in  the  case  of  a  toll-bridge,  by  distance  along 
the  stream  above  and  below  the  bridge.  In  some  countries,  where 
it  is  considered  desirable  to  encourage  the  enterprise  of  capitalists,  a 
monopoly  for  a  term  of  years  may  be  claimed  as  a  right  by  whoever 
inaugurates  a  new  industry. 

As  a  general  rule  it  may  be  affirmed  that  the  granting  of  monopo- 
lies is  not  an  economical  method  of  executing  works  of  utility,  and  is 
not  in  the  true  interests  of  the  public.  There  are  exceptions  to  this 
rule,  as  in  the  water  supply  of  a  town,  or  in  some  instances  of  a  gas, 
electric-lighting,  or  tramway  undertaking.  The  monopoly  is  then 
qualified  by  conditions  framed  in  the  interests  of  the  community.  So 
also  in  a  new  or  undeveloped  country,  where  the  undertaking  is  one 
of  which  the  profits  are  speculative,  the  utility  of  the  worka  executed 
may  be  such  as  to  warrant  some  encouragement  or .  security  to  the 
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capitalists  who  are  willing  to  speculate.  In  England  monopolies  are 
seldom  granted^  and  railway  shareholders,  among  others,  complain 
that  rival  lines  are  permitted  to  invade  territory  already  occupied, 
and  to  diminish  profits.  In  France  and  many  other  countries, 
shareholders  are  in  effect,  even  if  not  by  direct  legislation,  protected 
from  competition ;  but  it  is  probable  that  the  English  system  has,  by 
the  stimulus  given  to  trade,  proved  more  advantageous  to  the  nation 
at  large  than  the  artificial  protection  given  in  France. 

A  Monopoly  may  be  made  absolute  by  Enforcement — When  the  new         Enforced 
undertaking  is  completed,  those  works  previously  existing  which  it  is  to       "*°"opo 
replace,  may  be  stopped.    For  instance,  with  a  new  harbour,  the  land- 
ing of  all  goods  at  it  may  be  enforced ;  or  all  goods  landed  within  a 
certain  distance  of  it  subjected  to  toll.    With  a  new  bridge,  old  roads  ^-^^ Bridges,/.  134. 
may  be  directed  to  it;  with  new  waterworks,  old  conduits  may  be 
removed,  or  all  houses  compelled  to  use  the  new  supply;   if  new     Markets,/. 331. 
markets  are  built,  they  may  be  made  to  cover  the  site  of  the  old  ones, 
or  selling  in  the  neighbouring  streets  may  be  prohibited ;  with  new 
abattoirs,  their  use  may  be  rendered  obligatory. 


A  certain  Revenue  may  be  Guaranteed, — A  Government  or  Muni- 
cipality may  engage  to  use  the  new  undertaking,  and  to  pay  tolls  up 
to  a  certain  agreed  minimum.  This  may  be  done  in  the  case  of  a 
railway,  waterworks,  bridge,  or  any  undertaking  which  depends  upon 
tolls  or  dues  for  profit.  Sometimes  the  guarantee  may  proceed  from 
landowners,  merchants,  or  existing  companies,  who  are  interested  in 
encouraging  the  new  undertaking.  In  these  cases  where  the  guarantee 
proceeds  from  other  than  State  or  Municipal  authorities,  great  care 
is  necessary  to  make  precise  and  safe  engagements.  It  often  happens 
that  a  minimum  revenue  thus  secured  is  of  itself  sufficient  to  pay  a 
moderate  interest  on  the  outlay  incurred,  and  with  this  safe  minimum, 
capitalists  will  be  the  more  willing  to  incur  some  risk  with  respect  to 
the  possible  surplus  profit 


Guaranteed 
revenue. 


A  certain  Interest  may  be  Guaranteed  on  a  specified  amount  of 
expenditure.  In  countries  too  poor  to  raise  the  capital  necessary  for 
public  works,  there  may  be  no  insurmountable  difficulty  in  paying 
interest  on  capital  provided  by  others.  If  a  Government,  Munici- 
paUty,  or  other  public  body,  is  willing  to  guarantee  interest,  it  is  to 
be  presumed  that  the  undertaking  is  much  required,  and  is  expected 


Guaranteed 
interest. 


For  works  of 
public  utility. 


30 


Mathesons  Aid  Book. 


[Chap.  II. 


VariottB  kinds  of 
guarantcca. 


A  minimum 
interest  secured. 


Losns 

and  guarantees 

compared. 


•  Quarantecs 

qualified  by 

conditions. 


to  be  of  great  value  to  the  community  when  completed.  Perhaps 
this  value  may  be  shown  directly  in  the  shape  of  revenue  sufficient  to 
pay  the  interest ;  in  other  cases  the  undertaking  may  be  remunera- 
tive only  indirectly,  by  removing  obstacles,  promoting  commerce,  or 
otherwise.  Such  advantages  may  render  a  community,  or  those  who 
are  to  be  benefited,  able  and  willing  to  pay  tolls  or  taxes  sufficient 
for  the  interest 

A  guarantee  may  be  granted  in  a  variety  of  ways.  Sometimes  the 
merchants,  landowners,  or  others  who  are  interested  in  promoting 
the  new  work,  will  themselves  provide  a  portion  of  the  necessary 
capital ;  the  Government  or  Municipality  will  guarantee  interest  on  a 
second  portion ;  and  the  capitalists  who  provide  this  second  portion 
with  interest  thus  secured,  may  be  willing  to  provide  the  third  and 
unguaranteed  portion  also,  if  upon  it  the  revenue  earned  by  the  whole 
is  pledged  to  pay  them  a  preferential  interest ;  or  the  guarantee  may 
be  only  to  the  extent  of  a  minimum  interest,  which,  though  not  in 
itself  sufficient  to  tempt  investors,  may  so  remove  the  risk  of  absolute 
loss  as  to  render  them  willing  to  venture.  Thus  there  may  be  an 
enterprise  which  in  the  mind  of  the  investor  is — if  unguaranteed 
— of  a  character  so  speculative  as  to  require  a  probable  return  of 
xo  per  cent  to  induce  him  to  join  in  it  But  if  a  minimum  of 
4  per  cent,  be  secured  to  him,  he  may  be  willing  to  invest,  even  if  he 
sees  a  probability  of  but  8  per  cent  in  alL  A  concession  which 
guarantees  interest  is  most  popular  with  investors,  and  if  the  credit  of 
the  guarantors  be  sound,  is  more  easily  negotiated  than  a  concession 
promising  much  larger  but  unguaranteed  profits,  or  even  than  one 
granting  a  subsidy.  When  capital  is  raised  in  this  way  by  a  Govern- 
ment, the  transaction  resembles  in  some  measure  a  public  loan,  and 
the  interest  it  would  be  found  necessary  to  offi»r  for  a  loan  may  serve 
as  an  approximate  guide  to  what  is  required  in  a  guarantee. 

But  there  are  differences  between  a  loan  and  a  guarantee,  which 
may  be  noted.  A  Government  loan  generally  pledges  the  national 
credit  absolutely  and  unconditionally,  and  the  lender  need  have 
little  concern  in  any  public  works  which  may  be  the  occasion  of 
the  loan,  unless,  indeed,  they  are  pledged  as  collateral  security. 
But,  on  the  other  hand,  the  mere  guarantee  by  a  Government  of 
interest  on  the  capital  of  some  enterprise  in  private  hands — say  on 
bonds  issued  by  a  company — will  not  always  secure  the  acceptance 
of  so  low  a  rate  of  interest  as  would  suffice  on  the  national  loan  pure 
and  simple.      The  guarantcetl  bonds  are  generally  hampered  with 
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conditions ;  they  do  not  appeal  to  so  wide  a  class  of  investors ;  they 
may  not  in  the  aggregate  be  of  sufficient  amount  to  be  spread  over 
many  money  markets ;  and,  as  less  known,  may  be  less  negotiable, 
and  therefore  less  valuable  than  ordinary  Government  stock.  Thus  if 
a  Government  be  of  such  sufficient  credit  as  to  borrow  at  4  per  cent, 
it  is  not  improbable,  if  they  offer  a  guaranteed  interest  on  the  bonds 
issued  by  a  private  company,  that  5  per  cent  may  be  needed  in  order 
to  make  such  bonds  as  saleable  as  the  stock  of  a  Government  loan. 
For  these  reasons.  Governments  who  can  borrow  at  a  moderate  rate 
of  interest  will  often  find  it  to  their  advantage  to  do  so,  rather  than 
to  pledge  their  credit  indirectly  in  guarantees.  It  is  in  this  way  that 
so  many  of  the  British  Colonies,  borrowing  in  Great  Britain  at  low 
rates,  have  been  able  to  construct  State  railwa3rs  at  a  cost  which  only 
prompt  money  payments  to  the  contractors  renders  possible.  Com- 
paring, however,  one  kind  of  loan  with  another,  that  in  which  money 
is  raised  for  the  specific  purpose  of  public  works  of  a  remunerative 
nature  will,  if  honestly  managed,  be  more  likely  to  be  received  with 
confidence  than  a  loan  raised  to  defray  current  expenditure,  which 
may  be  applied  to  military  or  other  unremunerative  purposes.  But 
even  in  the  former  case  it  is  necessary  sometimes  that  the  investors 
should  be  protected  against  misappropriation  of  the  funds,  and  they 
may  require  to  be  satisfied,  not  oily  that  the  entire  works  can  be 
completed  for  the  sum  estimated,  but  also  that  the  capital  raised 
will  only  leave  their  custody,  or  that  of  trustees  in  whom  they 
have  confidence,  on  the  certificate  of  a  competent  person  that  a 
corresponding  portion  of  the  work  is  accomplished. 

These  remarks  obviously  apply  only  where  the  guaranteed  interest 
is  alone  under  consideration.  If  besides  the  guaranteed  minimum,  a 
higher  interest  is  expected  from  the  enterprise  itself,  then  of  course 
a  speculative  value  is  offered  to  the  investors  apart  altogether  from 
that  afforded  by  the  guarantee.  Moreover,  capitalists  or  contractors 
who  engage  to  receive  guaranteed  bonds  in  payment  for  works,  incur 
certain  expenses  of  discount  and  brokerage,  and  their  price  for  the 
service  rendered  is  enhanced  accordingly. 

Although  unconditional  national  guarantees  are  generally  most 
trustworthy,  the  reverse  is  sometimes  the  case.  National  guarantees 
may  be  injuriously  affected  by  political  influences  or  changes  of 
Government ;  and  it  has  thus  sometimes  happened  that  in  countries 
Where  national  guarantees  and  obligations  have  proved  fallacious,  a 
municipality  or  province  has  maintained  a  character  for  fair  dealing. 


Rates  of  interestr- 
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But  although  in  certain  cases  the  real  comparative  value  of  different 
guarantees  may  be  thus  stated,  national  obligations  or  bonds  are 
generally  more  easily  negotiable  because  they  are  better  known,  and 
because  Governments  are  considered  more  amenable  to  diplomatic 
influence  and  public  opinion. 
Private  Private  individuals,  corporations,  companies,  or  the  owners  of  exist- 

guarantecB.        -j^^  properties,  which  are  to  be  benefited  by  the  new  undertaking, 

sometimes  give  guarantees.  For  instance,  the  owners  of  a  railway, 
or  group  of  railways,  may  anticipate  benefit  from  the  construction 

5'M  Bricgbs,/.  13s :  of  another  railway,  or  of  an  important  bridge,  or  of  a  harbour, 

WATERwoRKs.>.t96.  j^nd  wlthout  themselves  having  the  funds  available  for  the  purpose, 

may  be  so  satisfied  of  its  importance  as  to  pledge  their  own  revenue 
fiuanmteea^       in  addition  to  that  anticipated  from  the  works  contemplated,  so  as 

to  ensure  an  interest  equal  to  that  paid  on  their  own  capital  or 
even  a  preferential  interest  The  revenue  thus  pledged  may  possibly 
have  been  so  constant  or  progressive  in  the  past  as  to  be  received 
almost  as  an  absolute  guarantee ;  but  as  a  rule  this  latter  is  preferred, 
and  investors  will  scan  with  great  caution,  not  only  the  exact  wording 
of  a  merely  preferential  guarantee,  but  the  legal  security  which  is 
offered  for  its  fulfilment. 

Whatever  be  the  nature  of  the  guarantee,  it  should  be  recorded 
as  explicitly  as  possible.     It  much  facilitates  the  raising  of  capital  if 

Negotiable  bonds,  a  guaranteed  interest  or  subsidy  be  expressed  in  well-defined  bonds 

which  can  be  made  negotiable.  The  exact  manner  of  doing  this 
is,  of  course,  a  matter  for  arrangement  in  each  particular  case.  A 
Government  or  Municipality,  or  any  corporate  body,  which  expresses 
its  engagements  in  bonds,  may  word  them  either  so  that  their 
liability  comes  into  force  only  when  the  entire  works  are  completed, 
or,  as  has  been  before  stated,  so  that  they  take  effect  from  time 
to  time,  pro  rata,  as  the  works  reach  different  stages.  When  the 
credit  of  the  guarantors  is  good,  there  will  be  found  capitalists  who 

Deferred  profita.     can  afford  to  Wait  for  a  considerable  time  for  a  return  ;  and  there  are 

also  to  be  found  contractors  of  sufficient  experience  and  reputation 
to  induce  capitalists  to  embark  their  money  in  enterprises  whose 
success  depends  entirely  on  the  fulfilment  by  the  contractors  of  their 
engagements.  This  is  generally  facilitated  when  the  contractors 
themselves  share  in  the  enterprise  as  capitalists,  and  thus  afford  the 
best  proof  of  their  confidence  in  the  enterprise  and  in  their  own 
capabilities.  But  the  willingness  of  capitalists  or  contractors  to  wait 
for  a  return  depends  entirely  on  the  margin  of  estimated  profit. 
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There  is  the  further  question,  often  important  to  the  investor,  of  the 
loss  of  interest  on  his  capital  during  the  construction  of  the  works^ 
and  till  they  become  remunerative.  The  ultimate  profit  may  be 
deemed  sufficient  only  if  it  is  enough  to  repay  the  income  so  lost  as 
well  as  current  interest ;  and  it  is  sometimes  sought  to  anticipate  this 
return  by  requiring  from  the  contractor  the  payment  of  interest  during 
construction,  the  contractor  adding  to  his  price  accordingly.  This 
system,  having  been  abused  in  some  instances,  was  disallowed  in 
English  schemes  seeking  Parliamentary  powers;  but  although  it 
should  be  obvious  to  the  investors  that  the  interest  so  paid  them  is  not 
really  earned  but  is  merely  paid  out  of  their  own  capital,  the  system 
has  its  attractions,  and  Parliament  has  sanctioned  it  in  cases  where  it 
was  found  to  facilitate  the  raising  of  capital  for  important  works. 

Great  care  is  necessary  in  expressing  the  exact  terms  of  a 
guarantee,  so  as  really  to  include  all  that  it  is  supposed  to  cover. 
As  an  example,  a  trustworthy  Government  may  give  an  absolute 
guarantee  of  a  certain  rate  of  interest  on  a  specified  amount  of  capital 
which  is  required  for  a  new  railway,  and  the  transaction  appears  a 
safe  one.  But  possibly  there  is  the  reasonable  stipulation  that  the 
concessionnaires  shall  not  only  make  the  line  but  work  it,  and  if  the 
traffic  prove  so  small  as  not  to  pay  working  expenses,  some  of 
the  guaranteed  interest  may  have  to  be  expended  in  making  up  the 
deficiency.  The  Government  may  decline  to  pay  this  deficiency. 
Thus,  for  a  line  estimated  to  cost  a  million  sterling,  a  Government 
may  guarantee,  and,  if  needed,  pay  7  per  cent  per  annum  on  bonds 
to  this  amount,  /.  e.  ;£7 0,000,  all  the  net  revenue  up  to  this  point 
going  to  reduce  the  amount,  and  all  beyond  it  being  shared  by  the 
Government  and  the  railway  company.  The  Government  pays  the 
interest  as  agreed,  and  their  obligation  ends.  But  there  may  not  only 
be  no  net  revenue,  but  the  receipts  may  not  pay  working  expenses. 
•A  sparsely-peopled  country,  a  small  traffic,  or  rates  of  freight  which 
are  too  low,  but  which  may  have  been  made  a  condition  of  the 
concession,  may  cause  this  deficiency.  The  above  is  an  additional 
reason  why  concessionnaires  should  investigate  the  probabilities  of 
profit,  even  if  there  be  a  guarantee. 

The  principle  of  assisting  or  encouraging  works  of  utility  by 
guaranteeing  a  revenue  or  interest  on  capital,  is  one  which  is  often 
carried  too  far.  Indeed,  in  any  but  new  or  undeveloped  countries  it 
may  be  laid  down  as  a  rule  generally  acknowledged  that  it  is  not  in  the 
true  interests  of  the  community  to  give  guarantees  at  all,  and  in  the 
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many  cases  where  Government  guarantees  have  been  necessary  to 
induce  capitalists  to  construct  public  works,  such  a  method  should 
be  abandoned  as  soon  as  possible.  If  in  any  country  or  in  regard 
to  any  class  of  works,  the  system  has  been  apparently  established, 
capitalists  will  continue  to  depend  on  it.  But  when  once  the  earlier 
enterprises  of  a  kind  so  encouraged  have  been  sufficiently  developed 
to  prove  whether  they  are,  or  are  likely  to  be,  remunerative,  one  of 
two  conclusions  is  generally  obtained :  either  that  the  works  will  be  in 
themselves  remunerative,  or  that  they  will  not  In  the  former  case, 
Qovemmcnt       capitalists  will  be  found  to  venture,  and  in  the  latter  the  Government 

of  the  country  should  carry  out  the  undertakings  they  may  deem 
necessary  directly  with  public  money. 

India  an  example.         India  affords  examples  of  both  kinds  in  her  irrigation  and  railway 

works.     The  application  of  private  capital  to  irrigation,  whether  with 

See  ^ge  IS  I  aUo     OX  without  guarantees,  has  in  very  many  cases  proved  a  failure,  but 

Page  x8i.  '        as  in  some  districts  profitable  results  appear  probable,  it  can  hardly 

be  doubted  that  private  capital  would  be  directed  towards  the  most 

promising  localities,  even  if  guarantees,  so  long  considered  necessary, 

were  refused ;  while  in  cases  too  speculative  for  the  private  capitalist, 

but  considered  expedient  by  the  Government,  the  works  ought  to  be 

Guaranteed       Carried  out  directly  with  public  money.     In  the  case  of  railways, 

railways  In  India.  ^J^Q^gJ^  ^  revenue  more  than  enough  in  itself  to  pay  interest  on 

capital  has  on  some  of  the  lines  been  obtained,  and  nearly  enough  on 
others,  the  prospects  of  dividend  do  not  keep  pace  with  the  exten- 
sions deemed  necessary  by  the  Government;  and  the  good  credit 
which  made  guarantees  so  valuable  has  been  applied  directly  to  the 
borrowing  of  money  for  State  railways.  In  India,  however,  the 
Government  has  not  gone  far  enough  in  the  extension  of  railways, 
and  has  refrained  also  from  giving  to  private  capitalists  the  facilities 
and  moderate  guarantees  which  alone  are  necessary  to  obtain  their 
Oovemment       aid.     A  Government  guarantee  generally  involves  Government  inter- 

Interference.  .  ,  .  ,    .  \^  ,  . 

ference  which  it  may  be  worth  some  inconvenience  to  avoid.  The 
guaranteed  Indian  railways  though  nominally  managed  by  Boards  of 
Directors  are  under  control.  Whether  the  money  for  public  works 
be  obtained  by  loans  or  by  guarantees,  the  construction  of  the  works 
is  almost  always  better  left  to  private  contractors. 

Even  where  there  are  fair  prospects  of  success,  Governments  or 
communities  will  in  vain  invite  capitalists  to  provide  money  for  works 
of  utility,  unless  they  can  assure  to  the  investors  absolute  security  by 
law,  and  reasonable  facilities  for  the  carrying  out  of  their  projects. 
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Having  now  enumerated  some  of  the  different  kinds  of  conces- 
sions, it  may  be  laid  down  as  a  general  principle  with  regard  to 
them  all,  that  the  greater  the  privileges  granted,  the  more  onerous 
will  be  the  payments,  services,  or  conditions  demanded  in  return,      obii^ationa  in 
In  granting  permission  to  execute  works,  accompanied  by  facilities,  **  "™* 

immunities,  monopoly,  subsidy,  or  guarantee,  the  authority  which 
concedes  does  so  in  consideration  of  work  to  be  done,  services  to  be 
rendered,  or  payments  to  be  made ;  and,  in  the  interests  of  the  public, 
makes  as  good  a  bargain  as  possible.  Sometimes  the  authorities  Rent  demanded, 
who  grant  valuable  privileges  may  require  a  fixed  annual  rent.  In 
other  cases — especially  where  the  conceding  party  is  greatly  in  want 
of  money — the  annual  rent  or  expected  share  of  profit  is  capitalised.  Rent  capitalised, 
and  the  sum  thus  arrived  at  is  demanded  in  advance  from  the  con- 
cessionnaires.  In  others,  a  Government  grants  privileges  for  which  Payment  in  kind. 
it  requires  a  payment  in  kind,  in  other  words,  it  stipulates  for  a  part 
of  the  results  which  the  enterprise  in  question  is  to  furnish.  Thus, 
in  the  case  of  a  railway,  the  right  of  free  passage  for  troops  may 
be  demanded ;  with  a  telegraph  line,  the  reservation  of  a  wire  or 
of  priority  for  Government  messages ;  with  a  new  harbour,  the  right 
of  Government  vessels  to  share  in  the  use  without  contributing  to 
the  tolls.  Another  system  occasionally  adopted  is  to  demand  in 
payment  for  a  concession  or  monopoly,  money  for  the  establishment 
or  maintenance  of  chkntable  institutions.  An  endowment  is  in  this  Endowmenta. 
way  frequently  obtained  for  hospitals,  orphanages,  and  schools  which 
the  Government  would  not  venture  or  choose  to  maintain  directly 
out  of  the  public  fiinds. 

With  regard  to  the  construction  of  works,  a  standard  of  quality 
may  be  set  up,  to  which  the  concessionnaries  must  conform.     This  Quality  of  works, 
standard  is  generally  in  the  nature  of  a  specification  which  prescribes 
the  extent  and  solidity  of  the  works,  the  quality  of  the  materials,      se*  contract. 
a  time  for  completion,  and   the  results  that  are  to  be  attained.  >-^"- 

Sometimes  the  result  only  is  described,  and  the  concessionnaires  Results  specified, 
are  left  free  to  construct  the  works  as  they  please.  When  the 
concession  is  in  the  nature  of  a  contract  for  works  for  which  the 
contractor  is  to  be  paid  on  completion,  or  after  a  limited  term  of 
maintenance,  the  transaction  is  at  an  end  when  this  is  accomplished. 
But  when  anything  like  a  monopoly  is  granted,  and  the  concession- 
naires are  to  obtain  a  revenue  by  tolls  or  dues  from  the  work  itself, 
it  is  a  reasonable  condition  that  the  service  shall  be  efficiently  Maintenance  of 
maintained.     Thus,  in  gas  or  water  works,  it  is  stipulated  that  gas 
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SeeGk%,^.9yi;     OX  watcr  Sufficient  in  quantity  and  quality  shall  be  provided  at  all 

/.  293.     '      times  during  the  term  of  the  concession ;  in  a  railway  or  tramway 

concession,  that  a  sufficient  service  shall  be  maintained.    The  service 

required  is  generally  defined  both  in  regard  to  quality  and  quantity, 

and  it  is  usual  to  make  the  latter  depend  upon  the  varying  wants  of 

the  community,  so  that  if  the  population  increase,  or  traffic  grow 

See  Mining,        larger,  the  service  shall  be  accordingly  extended.     In  the  case  of 

'  344-  mining  privileges,  the  rights  of  the  concessionnaire  generally  lapse  if 

the  mines  cease  working. 

Levying  of  toHi.         Where  dues  or  tolls  are  to  be  levied,  their  maximum  scale  or  rate 

is  generally  set  forth  in  the  concession,  and  great  care  is  necessary 
on  the  part  of  the  concessionnaires  to  see  that  the  scale  of  charges 
permitted  is  sufficient  to  be  remunerative.  In  some  cases  the 
concessionnaires  are  left  free  to  charge  what  they  think  proper,  it 
being  considered  that  excessive  rates  will  be  at  once  checked  by 
the  diminished  demand  and  reduced  profits  which  will  follow.  In 
cases  where  the  concessionnaires  are  providing  something  quite  new, 
such  as  electric  light  or  a  railway,  the  use  of  which  is  optional,  and 
towards  which  the  municipal  or  other  authorities  have  not  contri- 

ExceMive  rmtet  buted,  this  latitude  may  be  conceded,  but  where  a  monopoly  of 
owe  .  supplying  some  indispensable  want,  such  as  water,  has  been  granted, 
and  if,  moreover,  this  has  resulted  in  the  stopping  of  previous 
sources  of  supply,  the  case  is  different.  But  it  is  generally  as  much 
the  interest  of  the  concessionnaires  as  of  the  public,  that  rates  shall 
be  defined,  and  in  many  new  undertakings,  rates  can  be  agreed  upon 

Equitable  terms,    which  will  offer  accommodation  or  service  to  the  public  on  much 

more  favourable  terms  than  those  which  have  been  charged  for  the 

services  which  are  being  replaced ;  and  at  the  same  time  afford  a 

fair  margin  of  profit  to   the  concessionnaires.     As  measures  and 

See  pages  ^i^AS5'   valucs  are  differently  stated  in  different  countries,  and  as  in  some 

the  currency  is  liable  to  fluctuation,  it  is  necessary  that  these  matters 
should  be  clearly  defined.     Indeed,  the  various  considerations  which 

Mutual  profit,      determine  the  soundness  of  a  new  undertaking  may  be  summed  up 

in  this,  that  it  shall  be  profitable  to  both  sides. 

A  concessionnaire  or  contractor  who  has  undertaken  to  perform 
certain  works,  stands,  so  long  as  the  engagement  lasts,  in  the  way 
of  any  one  else  undertaking  them,  and  a  failure — whether  from 
unwillingness  or  inability — to  complete,  generally  involves  a  loss  of 
lime  before  the  enterprise  can  be  again  started.     Moreover,  damage 
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or  inconvenience  may  arise  from  partly  finished  works.  He  is,  there- 
fore, generally  required  to  give  some  guarantee  for  the  due  fulfilment 
of  his  engagemcDts.  Sureties  or  bondsmen  are  sometimes  required, 
who  bind  themselves  to  forfeit  the  amount  of  damage  suffered  up  to 
the  amount  of  their  bond  if  the  contractor  fails  to  proceed.  The 
guarantee  is  in  foreign  countries  more  often  imposed  in  the  shape 
of  "caution  money,"  which  the  concessionnaire  has  to  deposit  as 
evidence  of  his  intention,  and  pledge  of  his  ability,  to  carry  out 
his  engagements.  If  he  fail  to  commence  within  a  stipulated  time, 
the  caution  money  is  forfeited,  and  is  supposed,  in  some  measure, 
to  compensate  those  who  retain  it  for  the  trouble,  risk,  and  delay 
involved  in  making  a  bargain  with  a  second  contractor.  In  the 
case  of  a  monopoly  or  a  concession,  the  exaction  of  caution  money 
bars  the  way  to  those  who — either  from  insufficient  means  or  want 
of  experience — are  incompetent  to  carry  out  the  work.  A  similar 
precaution  is  included  by  the  English  Legislature  in  Private  Bills  for 
railways.  A  promoter  ofcen  negotiates  the  terms  of  a  concession  in 
the  hoi>e  of  transferring  it  to  capitalists  with  the  necessary  means, 
and,  in  the  desire  to  have  the  disposal  of  the  concession  firmly  in  his 
own  hands,  will  sometimes  go  the  length  of  depositing  the  caution 
money.  Should  any  question  arise  as  to  the  value  of  the  concession, 
his  position  will  then  be  one  of  considerable  risk.  Or  if  the  works 
must  be  commeiiced  by  a  certain  date,  he  may  find  it  impossible 
to  meet  with  capitalists  to  take  it  off  his  hands  j  in  either  of  which 
cases,  instead  of  obtaining  a  profit  by  the  transfer  of  the  concession, 
he  may,  in  order  to  save  the  forfeiture  of  the  entire  deposit,  have  to  Ri»k  of  forfeiture 
pay  a  substitute  to  take  the  concession  from  him. 

Whoever  grants  the  concession  generally  insists  upon  holding  the 
caution  money,  but  if  the  concessionnaire  doubts  the  stability  or  fair- 
ness of  the  holder,  it  will  be  prudent  to  require  that  the  deposit  be  in 
neutral  hands.  In  the  case  of  a  Government,  the  deposit  is  often  made 
in  Government  Stock ;  but,  whatever  the  security,  the  concessionnaire 
is  generally  allowed  to  draw  the  dividend  or  interest  on  the  amount 
during  the  period  it  is  held.  Sometimes  it  is  stipulated  that  the 
caution  money  shall  remain  till  the  undertaking  is  completed,  and 
that  it  shall  furnish  interest  on  the  capital  during  construction.  In 
other  cases  the  caution  money  is  retained  only  till  the  works  are  so 
advanced  as  to  have  sufficiently  committed  the  concessionnaire  to 
proceed.  When  once  a  concessionnaire  or  contractor  has  incurred 
considerable  preliminary  expense — as,   for  instance,  by  providing 


Caution  money, 
how  held« 

See  page  ^^Z, 
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plant  and  purchasing  material — the  due  completion  of  the  work  is 
generally  sufficiently  insured  by  the  retention  of  part  of  the  contract 
price.  To  hold  back  the  caution  money,  as  well  as  to  retain  this 
part  of  the  price,  is  a  heavy  tax  on  the  contractor,  and  is  in  many 
cases  not  in  the  true  interests  of  the  employer,  because  if  more  be 
thus  withheld  than  is  necessary,  the  competition  is  limited  to  the 
large  capitalists  who  can  afford  to  wait  for  repayment,  and  who 
generally  recoup  themselves  by  high  prices.  Of  course  when  the 
proportion  of  the  contract  price  which  is  retained  is  made  small 
because  the  caution  money  also  still  remains  as  a  security,  then, 
whatever  it  may  be  designated,  this  caution  money  is  really  merged 
in  the  retention  money,  and  the  two  must  be  considered  together  and 
weighed  as  one  total.  Fines  or  penalties  for  non-completion  within  a 
stipulated  time  are  often  specified  in  a  concession,  and  under  certain 
circumstances  the  concession  becomes  liable  to  forfeiture. 

It  is  often  stipulated  in  a  concession  that  profits  beyond  a  certain 
amount  shall  be  shared  by  the  public,  either  directly,  by  the  con- 
cessionnaires  paying  over  all  or  part  of  the  revenue  after  a  certain 
point  is  reached,  or  by  their  reducing  the  rates  or  tolls  charged. 
This  is  especially  the  case  where  a  revenue  or  rate  of  interest  has 
been  absolutely  guaranteed  by  the  conceding  parties,  who  by  such  a 
stipulation  that  the  profits  shall  be  shared,  may  hope  to  get  back 
again,  when  the  undertaking  is  developed,  what  *they  paid  in  its 
earlier  stages.  The  railways  in  India  may  be  cited  as  an  example ; 
the  Indian  Government,  which  in  the  earlier  railways  guaranteed 
5  per  cent,  on  the  capital  sunk,  divides  equally  with  the  shareholders 
the  excess,  which  is  in  some  cases  considerable,  beyond  5  per  cent. 
A  lower  rate  of  guarantee  would  now  suffice. 

In  other  cases  the  right  of  pre-emption  is  made  a  condition  in 
the  granting  of  a  concession.  The  conceding  authorities  reserve  the 
right  (to  be  exercised  or  not  as  they  elect)  of  buying  up  the  under- 
taking at  a  certain  time,  and  this  may  be  done  in  various  ways. 
Sometimes  a  specific  price  is  named  ;  sometimes  it  is  the  amount  of 
share  capital  at  par  or  with  a  bonus ;  sometimes  at  the  average  price 
of  the  shares  during  the  preceding  three  years ;  in  other  cases  the 
price  is  to  be  so  many  years'  purchase  of  the  average  revenue  for  a 
specified  number  of  years  preceding  the  purchase.  Many  of  the 
English  railways  are  subject  to  this  last  condition,  but  the  option 
must  be  exercised  within  a  certain  time.  In  some  countries  the 
railways  are  at  a  certain  date  to  become  the  property  of  the  State 
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without  any  payment  whatever.     This  is  the  case  in  France,  where 

the  period  is  eighty  years,  but  this  period  has  in  some  of  the  French 

railways  been  extended  in  return  for  extra  services  or  extensions 

given  by  the  railways.     In  Russia  also,  where  many  of  the  principal 

railways  are  guaranteed  by  the  State,  the  property  reverts  to  the 

Government  after  a  term  of  years,  and  advantage  has  been  taken  of 

the  willingness  which  has  been   evinced  to  construct  railways  to 

shorten  the  term  for  railways  constructed  after  a  certain  date.     In 

all  undertakings,  of  whatever  character,  the  concession,  if  subject  to 

such  a  condition,  has  the  nature  of  a  lease,  and  it  is  obvious  that 

before  a  net  revenue  can  be  legitimately  divided  as  interest,  a 

portion  of  each  year's  profits  must  be  set  apart  as  a  sinking  fund 

to  repay  the  capital  invested     Where  the  terms  of  pre-emption  are 

too  onerous,  capitalists  are  deterred  from  investing  money.     Thus 

electric  lighting  was  much  impeded  in  England  because  the  right 

was  reser\'ed  to  the  municipalities  to  buy  up  the  works  at  their  bare 

current  value  at  too  early  a  date ;  so  that  while  the  investors  had  all  set  also  Tramways, 

the  risk  of  failure,  the  undertaking  could  be  taken  away  from  them, 

in  the  case  of  success,  before  the  investors  of  the  capital  had  received 

adequate  compensation. 


See^agt  tjo. 
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CHAPTER  III. 

CONCESSIONS  CONTINUED.     THEIR  CONSIDERATION   BY 
CAPITALISTS   AND  CONTRACTORS. 
CAUSES  OF  FAILURE. 

The  general  information  which  is  necessary  to  the  proper  considera- 
tion of  a  scheme,  the  different  kinds  of  concessions  which  may  be 
granted,  and  the  service  demanded  from  the  concessionnaires,  have 
been  described  in  the  preceding  chapter.  The  peculiar  details  of 
any  particular  scheme  will  be  described  in  its  own  place  in  suc- 
ceeding chapters.  It  now  remains  to  be  seen  how  proposals  are 
likely  to  be  viewed  by  capitalists,  investors,  and  contractors,  whose 
aid  is  sought  to  carry  them  out,  and  what  are  the  objections  which 
may  be  raised. 

The  kind  of  persons  to  whom  an  enterprise  should  be  submitted 

must  depend  upon  the  nature  of  the  enterprise  and  the  terms  upon 

which  it  is  to  be  oflfered.     The  majority  of  English  contractors  will 

Contractors  for     not  undertake  contracts  in  a  foreign  country,  and,  indeed,  for  the 

successful  carrying  out  of  this  class  of  undertakings,  special  qualities 
of  mind  are  needed,  such  as  a  capacity  for  organisation,  foresight  in 
arranging  the  different  stages  in  the  work,  a  freedom  from  prejudice 
against  what  is  novel,  a  power  of  adaptation  to  new  circumstances, 
and  abundant  perseverance.  There  are,  however,  contractors  who 
undertake  work  abroad  as  well  as  at  home,  and  others  who,  having 
acquired  special  experience  in  the  conduct  of  such  works,  confine 
themselves  entirely  to  foreign  contracts.  The  number  of  capable 
English  contractors  willing  to  undertake  engineering  works  abroad 
is,  nevertheless,  limited,  even  where  there  is  no  reasonable  doubt  as 
to  the  security  of  the  stipulated  payments. 

A  contractor  for  foreign  works  may  be  considered  more  enter- 
prising or  more  speculative  than  the  contractor  who  works  only  at 
home;  but  the  two  have  the  same  aim — the  earning  of  money 'by 
contracts.     To  attain  his  purpose  the  contractor  for  foreign  works 


foreign  works. 
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has  often  to  assist  in  the  raising  of  money  and  in  the  financial 
arrangements  generally ;  but  he  does  so  only  as  a  means  to  the  end,  ^**"*'*it!jf8t«"*** 
that  end  being  ultimate  remuneration  in  money.  There  are  various 
reasons  why  the  contractor  is  so  often  made  the  medium  of  financial 
negotiations.  An  assurance  is  given  to  the  capitalist — which  his  own 
knowledge  does  not  afford — of  the  feasibility  of  a  project  when  it 
reaches  him  through  the  hands  of  the  contractor ;  for  although  the 
capitalist  will  form  his  own  opinion  as  to  the  ultimate  profit  of  the 
speculation,  yet  the  contractor,  if  he  knows  his  business,  will  be 
qualified  to  decide  whether  the  contemplated  expenditure  will  be 
sufficient  for  the  works;  and,  indeed,  without  passing  beyond  his 
own  proper  business,  he  may  be  willing  to  emphasise  his  opinion  by 
taking  the  responsibility  of  completing  the  works  for  a  specified 
sum  of  money.  It  is  obvious  that  the  capitalist  will  be  the  more 
ready  to  listen  to  proposals  involving  an  investment  of  money, 
when  this  important  condition  is  assured,  thus  leaving  only  the  in- 
vestigation as  to  profit  A  contractor  can  often  effect  a  sale  of  saie  of  shares  by 
shares  or  transfer  of  securities  where  a  promoter  could  not,  because  contractors, 
the  nature  of  the  undertaking  may  be  such  that  the  securities  or 
shares  acquire  value  only  as  certain  works  are  completed,  and  on 
this  point  a  contractor  who  is  incurring  personal  liabilities  can  give 
satisfactory  assurances  which  from  a  promoter  might  possess  little 
value.  And  if  the  contractor's  own  profit  depend  on  his  carrying 
out  his  contract  for  the  price  named,  his  undertaking  to  do  so  must 
necessarily  have  weight  Capitalists  often  prefer  to  be  approached 
in  this  way,  and  do  not  in  the  majority  of  cases,  until  this  preliminary 
stage  of  estimated  cost  is  passed,  care  to  investigate  schemes  which 
are  presented  to  them.  The  functions  of  capitalist  and  contractor 
are,  however,  often  combined,  as  the  demand  for  engineering  works 
and  the  profits  that  have  been  obtained  in  them  have  created  for 
foreign  works  a  class  of  capitalist-contractors  who  apply  their  money 
entirely  to  such  enterprises.  But  while  the  capitalist-contractor 
reserves  to  himself  the  power  of  retaining  a  permanent  share  in  the 
undertaking,  should  it  prove  a  good  one,  he  generally  differs  from 
the  ordinary  investor  in  desiring  to  get  back  his  money  as  soon  as 
the  work  is  finished. 

Reference  has  been  made  to  the  fact  that  since  the  time  when 
railways  were  first  introduced,  numerous  cases  have  occurred  of  a        Set  page  n. 
contractor  taking  part  of  his  payment  in  shares,  and  making  large 
profits  by  so  doing;  but,  on  the  whole,  such  instances  have  been 
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Paymenu  in      exceptional.     However,  because  of  the  examples  of  this  kind  that 

have  occurred,  and  many  others  when  the  contractor  has  appeared 

to  have  accepted  payment  in  shares  while  in  fact  relieved  of  them 

Set  Syndicates,     by  previous  arrangement  with  capitalists,  there  exists  among  those 

"^  ^^'  not  well  informed  the  belief  that  contractors  for  foreign  works  will  be 

disposed  to  take  payment  in  shares,  obligations,  or  something  that  is 

not  money.     It  may  thus  be  accepted  as  a  rule  that  contractors  will 

not  take  anything  but  money  in  payment,  except  such  securities, 

obligations,  or  shares,  as  they  can  at  once,  or  within  a  reasonable 

time,  sell  or  transfer  to  others  for  money.     Nevertheless,  contractors 

will  listen  to  proposals  of  this  kind,  because — ^knowing  by  experience 

what  conditions  are  necessary  to  obtain  the  capitalists'  aid— it  may 

Contractors  assiat  be  worth  their  while  to  take  trouble  in  assisting  such  negotiations  if 

raisins  capi    .  g^^^^gg  ^jjj  |jj.ijjg  them  a  profitable  contract ;  but  unless  the  nature 

of  the  undertaking  and  the  rate  of  profit  are  such  as  will,  in  their 
opinion,  attract  outside  investors,  they  will  rarely  proceed.  Even  if 
a  contractor  himself  aids  the  enterprise  by  providing  some  of  the 
capital,  he  will  usually  limit  his  investment  to  the  amount  of  his 
estimated  profit.  The  most  conspicuous  examples  of  failure  among 
contractors  have  been  when  they  have  accepted  as  payment  for 
work,  securities  or  obligations  which  proved  unsaleable. 

There  are   contractors  who  are  so  careful  in  this  respect  as 
never  to  meddle  with  finance,  even  to  the  extent  described  above, 
and  who,  while  possessed  of  means  sufficient  even  for  large  under- 
takings, use  their  capital  only  for  the  necessary  advances  of  their 
Pronnpt  pavment    buslness,  working  Only  for  punctual  and — as  far  as  can  be  foreseen 

induces  low  »  o  -^  «- 

prices.  — secure  money  payments.      When  practicable  it  is  desirable  to 

employ  contractors  of  this  class,  as  they  will  generally  be  content 
with  a  less  profit  than  those  accustomed  to  speculative  enterprises ; 
and  even  where  financial  assistance  is  required,  it  may  be  possible 
to  obtain  the  services  of  such  contractors  by  dividing  the  business 
into  two  transactions,  and  obtaining  the  money  in  some  other 
quarter.  But  where  the  security  is  at  all  speculative,  or  one  which 
cannot  be  understood  without  special  or  technical  knowledge,  the 
capitalist  will  generally  require  that  the  whole  business  be  placed  in 
his  hands.  He  will  then  either  himself  become  the  contractor — 
nominally  or  really — or  ally  himself  with  a  contractor  whom  he 
knows  and  with  whom  he  can  arrange  terms. 

There  are  different  classes  of  capitalists  who  provide  money  for 
engineering  enterprises,  and  according  as  any  scheme  is  speculative, 
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SO  does  the  number  of  those  able  and  willing  to  assist  become  small 
and  the  terms  onerous.  To  lend  money  for  such  undertakings  does 
not  come  within  the  business  of  a  banker  according  to  the  strict 
English  interpretations  of  his  functions,  although  indirectly,  as  will  be 
seen,  bankers  do  assist.  For  instance,  a  banker  will  lend  money  for 
carrying  on  the  work,  on  the  security  of  a  contractor's  plant  and 
property,  if  he  deem  it  good  enough.  In  other  cases  the  contractor 
or  concessionnaire  can  offer  as  security,  shares  or  obligations  of  the 
undertaking  in  question ;  these,  however,  a  banker  will  not  value 
according  to  the  probable  ultimate  success  of  the  scheme — although 
an  assurance  on  such  a  point  has  some  weight  if  other  matters  are 
satisfactory — but  according  as  the  securities  are  marketable.  It  is 
not  the  business  of  a  banker  to  invest  his  money  in  enterprises, 
however  remunerative,  but  to  lend  it  for  short  and  exactly-defined 
periods  on  good  and  marketable  security.  It  is  for  this  reason  that 
bankers  prefer  to  employ  their  money  in  discounting  good  bills  of 
exchange,  which  satisfy  these  conditions,  as  the  period  of  repayment 
is  exactly  defined,  and  the  means  of  enforcing  it  in  case  of  default  Biiistof  Exchange, 
are  the  most  peremptory  the  law  knows.  Bankers,  therefore,  prefer 
to  consider  any  bonds,  shares,  or  obligations  deposited  with  ihem,  and 
which  are  not  immediately  saleable,  only  as  collateral  security,  and 
look  to  the  names  of  the  borrowers  as  expressed  on  a  bill  or  promis- 
sory note  as  the  best  assurance  of  safety.  But  while  most  English 
bankers  will  in  theory  define  their  functions  strictly  as  above,  there 
are  few  who  have  not  at  times  found  themselves  burdened  with 
unsaleable  securities  on  which  they  have  advanced  money.  They 
have  been  induced  perhaps  by  their  confidence  in  the  borrower's 
ability  and  probity,  at  a  time  possibly  when  money  was  very  plentiful 
and  the  ordinary  outlets  for  it  were  scarce.  Bankers  can  also  often 
assist  enterprises  indirectly,  because  their  business  brings  them  in 
contact  with  speculative  capitalists,  and  they  may  have  clients  willing 
to  entertain  offers  of  the  kind. 

The  value  of  shares  depends  also  on  whether  there  are  mortgages, 
or  debentures,  or  bonds  having  priority.  If  works  are  constructed  on 
land  not  fully  paid  for  and  on  which  the  vendor  holds  a  mortgage, 
then  in  case  of  non-payment  of  interest  or  of  other  default  foreclosure 
may  take  place  to  the  loss  of  the  shareholders.  Or,  an  issue  of 
debentures  or  preference  shares  may  greatly  reduce  or  quite  destroy 
the  value  of  the  ordinary  shares.  A  contractor  who  without  stipula- 
tion on  these  points  has  agreed  to  take  payment  in  shares  may  find 
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during  the  progress  of  his  contract  that  the  work  he  does  only  goes 
to  swell  the  value  of  the  security  held  by  mortgagees  or  others  having 
priority.  As  stated  in  another  work  by  the  present  author,  deben- 
tures are  in  England  issuable  by  most  companies  whether  "  limited  " 
or  not,  and  in  many  the  powers  in  this  respect  are  defined  and 
restricted  by  general  or  special  Acts  of  Parliament  Some  deben- 
tures are  really  only  preference  shares ;  and  in  regard  to  the  capital 
or  assets  of  the  company  which  issues  the  debentures,  though  the 
holders  might  take  precedence  of  ordinary  shareholders  in  any 
winding  up  or  realisation  of  the  assets  they  would  rank  only  with 
other  and  unsecured  creditors.  In  most  railways,  and  the  lule  is 
generally  adopted  by  other  well-constituted  companies,  the  amount 
of  debentures  is  limited  to  a  certain  proportion,  generally  one -third, 
of  the  paid-up  share  capital,  the  object  being  to  give  the  debenture 
holders  an  assurance  of  the  value  of  their  security.  Where  a 
moderate  proportion  of  this  sort  is  ignored  and  sometimes  even  when 
it  is  observed,  the  money  raised  by  debentures  may  have  alone  been 
beneficidly  applied  and  may  afford  the  only  assets.  In  the  United 
States  and  some  other  countries  the  bonds  (debentures)  very  gene- 
rally represent  the  full  value  of  the  undertaking,  and  the  shares,  which 
rank  after  them^  have  only  a  postponed  and  problematical  value. 
Great  care  is  therefore  necessary  to  scan  the  respective  terms  of  all 
debentures,  bonds,  and  shares. 

There  are  other  capitalists — individuals,  or  financial  societies — 
who  go  further  than  the  banker,  and  lend  money  for  longer  and  less 
exactly-defined  periods  on  unnegotiable  securities,  land  yet  who  do 
not  care  to  enter  directly  into  the  risks  of  an  enterprise.  Cases  of 
this  sort  arise  where  contractors  are  entitled  to  certain  payments  at  a 
future  date,  or  possess  bonds  or  obligations  which,  though  having 
little  or  no  present  value,  as  measured  by  any  interest  or  income 
they  may  produce,  will,  when  a  certain  time  has  elapsed,  or  certain 
contingencies  have  been  fulfilled,  become  saleable.  Capitalists  will  of 
course  demand  more  than  the  ordmary  rate  of  interest  for  advances 
of  this  sort ;  and  besides  the  interest  calculated  in  the  usual  way  per 
mensem  or  per  annum,  often  require  a  bonus  or  commission  to 
induce  them  to  assist  There  are,  again,  capitilists  little  known  to 
any  but  those  who  deal  with  them,  who  go  further  in  assisting  con- 
tractors. Such  capitalists  desire  to  be  assured,  first  that  those  who 
have  to  pay  for  the  works  are  solvent  and  honest,  and  then  that  the 
contract  price  is  such  as  will  leave  sufficient  profit     On  this  second 
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point  the  contractor  has,  by  furnishing  details  of  anticipated  expen- 
diture and  receipts,  to  afford  an  opportunity  for  verifying  his 
calculations.  Capitalists  of  this  sort  will  sometimes  be  content  with 
no  other  security  than  that  of  the  contract  itself,  but  will  generally 
take  care  to  have  a  first  charge  upon  all  the  profits,  and  will  stipulate 
that  they  be  made  cognisant  of  all  expenditure  and  receipts.  They 
become,  in  effect,  preference  partners  in  the  enterprise ;  but,  while 
taking  the  first  share  of  the  profits,  keep  in  the  background  and  incur 
no  liability  or  risk  beyond  the  sums  they  have  advanced.  Capitalists 
will  seldom  assist  in  this  way  except  where  the  contractor  is  able  to 
provide  some  of  the  capital,  either  in  money  or  plant,  and  the 
capitalist  has  the  first  charge  on  the  earnings  of  the  joint  contribu- 
tions. Very  often  the  profits  of  a  contract  are  so  large  when  the 
works  are  carried  out  by  a  skilful  and  energetic  contractor,  as  to 
allow  ample  profit  after  the  capitalist  has  had  his  share ;  but  not 
unfrequently  a  sanguine  contractor,  in  his  eagerness  to  obtain  the 
aid  of  a  capitalist,  will  engage  to  pay  so  highly  for  it  as  to  have 
little  or  nothing  left  for  himself,  even  on  what  is  per  se  a  profitable 
enterprise. 


Preference 
partners. 


The  earlier  proceedings  in  connection  with  a  new  undertaking 
are  often  conducted  by  a  "  Syndicate,"  or  group  of  persons  (thus 
designated  by  a  modem  adaptation  of  an  old  word),  who,  wishing  to 
further  one  common  object,  combine  for  the  purpose,  but  who  are 
not,  in  the  ordinary  sense,  partners.  This  means  is  adopted  by 
persons  unable  or  unwilling  singly  to  provide  all  the  necessary 
money,  but  who  think  it  worth  while  to  speculate  to  a  limited 
amount  A  syndicate  is  very  often  formed  merely  to  provide 
money  for  preliminary  expenses,  and  with  no  intention  of  providing 
capital  for  the  undertaking.  For  instance,  this  course  is  adopted 
very  often  where  a  certain  expenditure  must  be  incurred  before  a 
company  can  be  formed  or  works  commenced  ;  and  the  members  of 
the  syndicate  thus  take  upon  themselves  the  speculative  risk  (which 
it  might  be  impossible,  or  improper,  or  illegal  to  incur  as  trustees 
for  shareholders)  of  losing  all  the  expenditure  in  case  the  undertaking 
fails  to  proceed.  In  such  cases  the  syndicate  may  be  said  to  take 
the  place  of  a  promoter.  Sometimes  a  syndicate  will  even  engage 
to  provide  all  the  capital  for  an  enterprise,  but  if  the  members 
retain  their  interest  in  the  undertaking,  they  may  be  more  correctly 
designated  as  a  company.      But  a  syndicate  which   provides   the 


Ssmdicatet. 


Setpagt  89. 


46 


Mathesons  Aid  Book. 


[Chap.  III. 


Capital  provided 
by  ayndicatea. 


Syndicates 
discredited. 


Seepagt  14, 


Colonial  Banks. 


capital  generally  does  so  merely  to  ensure  the  commencement  of  the 
undertaking,  and  even  for  this  purpose  the  members  often  employ 
their  credit  only,  rather  than  actual  money:  For  instance,  if 
;;^5o,ooo  be  required  for  some  joint-stock  undertaking,  ten  persons 
of  established  credit  may  guarantee  to  provide  by  themselves,  or 
their  friends,  ^5000  each,  in  the  hope  and  with  the  intention  of 
transferring  to  friends  or  clients  the  proportion  of  shares  which  they 
have  guaranteed  to  take.  A  contractor  who  has  agreed  to  take 
payment  for  his  work  in  shares,  or  a  promoter  who  is  interested  in 
the  formation  of  a  company,  instead  of  risking  all  by  an  appeal  to  the 
public  for  subscriptions,  the  failure  of  which  might  much  prejudice 
his  scheme,  sometimes  prefers  to  invite  a  combination  of  capitalists 
to  take  all  or  a  large  number  of  shares  in  the  undertaking  at  a 
reduced — or  what  may  be  termed  a  wholesale — price,  before  they 
are  offered  to  the  public  at  their  full  price.  The  members  of  the 
syndicate  then  dispose  of  the  shares  from  time  to  time  at  the  full 
price,  as  there  appear  buyers  for  them.  This  method  of  forming  a 
syndicate  may  also  be  adopted  with  advantage  when  an  existing 
undertaking  requires  more  capital  at  a  time  when  the  money  market 
is  unfavourable  for  a  public  subscription.  From  this  point  of  view  a 
member  of  a  syndicate  is  valuable  in  proportion  to  the  number  of 
persons  whom  he  can  influence ;  but  as,  in  times  of  excessive  specu- 
lation, investors  have  been  often  induced  by  those  whose  advice  or 
opinion  they  trusted,  to  embark  in  enterprises  which  prove  fallacious 
or  disastrous,  syndicate  combinations  have  in  such  cases  been  greatly 
discredited.  Fairly  conducted,  however,  they  are  legitimate  and 
convenient. 

There  are  frequently  cases  in  the  English  Colonies  where  profit- 
able enterprises  are  hindered  for  want  of  funds,  which  cannot  be 
obtained  locally  even  where  there  is  tangible — though  not  always 
immediately  saleable — security  in  the  shape  of  land  and  other  pro- 
perty. The  circumstances  may  be  such  as  to  warrant  the  payment 
of  interest  much  above  that  usual  in  England^  and  yet  such  security 
fails  to  attract  English  investors.  But  just  as  water  will,  even  through 
indirect  channels,  find  a  level,  so  English  capital  finds  its  way  through 
the  medium  of  colonial  banks  and  financial  societies  which  are 
established  in  England.  Such  societies  can  offer  a  higher  rate  of 
interest  for  deposits  than  is  usual  in  England,  and  they  pledge  also 
the  security  of  their  own  subscribed  capital.  The  difference  between 
the  rate  at  which  they  borrow  and  colonial  rates  allows  a  consider- 
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able  margin  of  profit  to  the  society,  colonial  enterprise  is  encouraged, 
and  the  English  investor  deems  himself  secure.  The  chief  risk  lies 
in  the  nature  of  the  securities  held  by  the  colonial  banks,  and  the 
suspension  of  payments  by  Australian  banks  in  1893  is  an  example. 


If  a  promoter  has  a  scheme  thoroughly  matured,  and  is  prepared 
to  supply  the  information  described  in  the  preceding  and  following 
pages,  he  will  have  little  difficulty  in  obtaining  at  any  rate  considera- 
tion of  his  scheme.  He  may  possibly  be  able  to  produce  only  the 
necessary  technical  and  local  information,  and,  as  regards  money, 
may  be  desirous  of  learning  the  kind  of  terms  on  which  capitalists 
will  assist  him.  If  he  is  furnished  with  proper  credentials  and  full 
powers  to  treat,  and  the  enterprise  is  not  of  a  great  or  exceptional 
kind,  he  will  have  no  difficulty  in  obtaining  offers  from  competent 
capitalists  and  contractors.  But  if  the  promoter  has  limited  powers 
and  can  do  no  more  than  send  home  to  his  principals  for  considera- 
tion any  offer  he  may  obtain  in  England,  he  will  find  capitalists  and 
contractors  indisposed  to  commit  themselves  without  some  guarantee. 
Contractors  are  always  averse  to  giving  tenders  which  are  to  remain 
open  for  an  indefinite  time,  and  which  may  possibly  be  disclosed  to 
competitors.  An  experienced  contractor  having  made  an  estimate  of 
cost,  or  a  financier  having  calculated  the  terms  upon  which  the  enter- 
prise may  be  carried  through,  possesses  important  information,  which 
in  its  way  is,  when  imparted  to  the  promoter,  as  valuable  to  him  as 
an  engineer's  design,  or  any  other  essential  part  of  the  scheme.  The 
promoter  will,  therefore,  have  to  satisfy  those  who  have  helped 
him  that  their  offers  will  be  fairly  dealt  with,  and  that,  if  the  terms 
are  reasonable  and  within  the  means  at  command,  they  will  be 
accepted. 

Even  where  the  honour  and  good  faith  of  the  promoter  are  un- 
doubted, he  may  not  always  be  able  to  prevent  unfair  dealings  with 
the  offers  he  has  transmitted  when  they  have  reached  a  foreign 
country.  Since  i860,  hundreds  of  thousands  of  pounds  have  been 
expended  by  English  contractors  in  making  preliminary  surveys, 
investigations,  and  even  working-plans,  which  have  produced  for 
them  nothing  in  return,  but  which  have  been  eventually  handed  over 
to  the  use  of  others.  It  is  not  to  be  inferred  from  the  above  caution 
that  contractors  and  capitalists  object  to  competition;  but  it  is  a 
reasonable  stipulation  on  their  part  that  they  be  made  aware  of  it 
from  the  commencement  of  the  negotiations.     Contractors  wish  also 
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Unfair  preference,  to  be  Satisfied  that  their  competitors  shall  have  no  unfair  preference, 

and  that  their  own  estimates  of  cost  shall  not  be  obtained  merely  as 
a  means  of  beating  down  in  price  other  contractors,  to  whom  it  is 
intended  from  the  commencement  to  offer  the  concession. 

In  some  cases  the  promoter  is  unable  to  furnish  sufficient  in- 
formation upon  which  to  base  an  estimate  of  cost,  and,  as  referred  to 
previously,  he  may  be  asked  to  share  in  the  expense  of  obtaining  it. 
Even  where  full  information  is  afforded,  the  contractor  will  generally 
require  to  verify  it.  If  this  involve  a  journey  to  a  foreign  country, 
and  the  further  expenses  of  a  survey,  the  contractor  will  sometimes 
stipulate  for  the  option  of  taking  the  concession  on  stated  terms,  or 
for  remuneration  in  case  the  business  falls  through.  There  are  cases 
where  no  such  stipulations  are  made,  because  the  anticipated  profits 
of  the  enterprise  and  the  likelihood  of  success  are  sufficient  to  induce 
a  contractor  to  incur  considerable  trouble  and  expense  in  preliminary 
surveys  and  negotiations  without  any  guarantee.  These  are  all 
matters  which  the  promoter  has  to  consider,  and  for  which  no 
general  rule  can  be  made. 


Contractot's 
surveys. 


Schemes  fail  of 
adoption. 


Promoters  too 
sanguine. 


Those  who  are  interested  in  the  furtherance  of  some  new  enter- 
prise, often  suffer  disappointment  by  failing  to  obtain  the  adoption 
of  their  scheme,  or  that  assistance  in  carrying  it  out  which  they  seek. 
As  to  be  forewarned  is,  to  some  extent,  to  be  forearmed,  it  may  be 
appropriate  here  to  indicate  some  of  the  causes  of  such  failure. 

Promoters  of  new  undertakings  abroad  are  generally  too  sanguine 
concerning  the  aid  which  they  may  obtain  from  English  capitalists. 
Having  seen  or  heard  of  the  apparently  similar  enterprises  which  have 
been  so  aided  and  carried  to  success,  they  are  perhaps  unaware  of, 
or  attach  too  little  importance  to,  the  much  greater  number  of 
schemes  which  have  been  laid  before  capitalists,  and  declined.  To 
reduce  as  far  as  possible  the  chances  of  failure,  the  first  and  most 
important  point  is  to  afford  every  information  at  the  outset,  even  of 
what  may  be  considered  the  weak  points  of  the  enterprise,  because 
if  these  weak  points  are  left  to  be  discovered  by  investigation  and 
Flaws  discovered,  inquiry,  it  is  not  unnatural  for  those  who  discover  them  to  doubt  the 

good  faith  of  the  promoter  who  has  concealed  them,  and  to  suspect 

that  there  may  be  other  flaws  also.     The  promoters  or  others  locally 

interested  in  the  success  of  a  scheme  may  often  do  much  to  render  it 

See  Erkction  or     acceptable  to  contractors  and  capitalists  by  eliminating  from  it  many 

/rt^jfi*  "^^s  which  they  themselves  may  better — because  of  their  greater 
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success. 


local  knowledge — undertake.  It  may  of  course  be  considered  prefer- 
able that  contractors  should  undertake  all  the  responsibilities ;  but  it 
must  be  remembered  that  there  are  two  parties  to  a  bargain,  and  that 
the  more  onerous  the  conditions  and  the  greater  the  difficulty  of 
measuring  the  risks,  the  less  will  be  the  number  of  those  who  will 
entertain  them. 

An  engineering  enterprise,  to  be  successful,  must  satisfy  certain 
technical  and  economical  conditions ;  and  these  demand  entirely 
different  kinds  of  investigation.  An  engineer  to  whom  a  scheme  is 
submitted  may  find  that  it  is  feasible,  and  that  as  no  experimental 
methods  or  extraordinary  works  are  required,  the  risk  will  be  but 
small ;  the  calculations  of  outlay  and  profit  may  also  appear  to  him 
reasonable,  and  he  gives  to  the  scheme  the  sanction  of  his  name. 
Yet  there  may  be  economical  reasons,  which  to  a  financier  or  Financial  flaws 
economist,  as  eminent  in  his  way  as  the  engineer,  will  show  the 
unsoundness  of  the  undertaking.  The  fault  is  sometimes  on  the 
other  side.  A  scheme  is  submitted  to  a  financier  who,  uninformed 
on  technical  matters,  may  accept  as  correct  the  plausible  but  incom- 
plete engineering  details,  and  on  such  a  basis  may  decide  that  the 
scheme  will  be  safe  and  profitable;  while  in  reality  there  may  be 
some  flaw — perhaps  even  of  a  rudimentary  kind — which  bars  the  way 
to  success.  Were  it  not  that  failures  frequently  occur  for  these 
reasons,  the  need  for  fuller  investigation  would  appear  too  obvious 
to  be  mentioned. 

But  even  where  the  feasibility  of  a  scheme,  both  in  its  technical 
and  economic  aspects,  appears  certain,  it  often  fails  for  some  secon- 
dary reason  to  obtain  support. 


Enrineering 
fla 


laws. 


The  time  for  introducing  the  scheme  may  he  unfavourable. — There 
occur  periodically  seasons  of  distrust  in  the  financial  world,  when, 
owing  to  recent  panic,  failure,  or  other  causes,  almost  every  kind  of 
new  undertaking  is  looked  at  with  suspicion.  This  state  of  things 
may  even  produce  a  superabundance  of  capital  ready  for  investment, 
but  which  the  owners  may  be  afraid  to  invest,  and  the  apparent 
anomaly  presents  itself  of  a  plethora  and  a  scarcity  of  money  at  the 
same  time.  It  is  obvious  that  distrust  will  produce  this  double 
result 


Time  not 
favourable. 


Similar  schemes  to  the  one  presented  may  have  recently  failed,  or,  to 
take  an  extreme  case,  the  public  mind  may  have  been  prejudiced  by 
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Schemes  the  recent  exposure  of  actual  mis-statements  or  impositions  in  regard 
to  them.  And,  further,  even  when  the  scheme  is  a  sound  one,  and 
when  the  capitalists  before  whom  it  is  laid  for  consideration  are  able 
to  distinguish  it  from  others  which  have  proved  unsound,  they  may 
decline  to  deal  with  it,  because  if  the  enterprise  is  to  be  offered  to 
the  public  for  subscription,  it  is  generally  useless  at  such  a  time  to 
argue  against  the  public  distrust.  The  fact  must  be  accepted,  and 
a  more  favourable  opportunity  awaited. 

Scheme  too  large.  The  Undertaking  may  be  too  lar^e, — In  the  case  of  public  works  of 

great  magnitude  involving  a  very  large  expenditure,  and  where  the 
assistance  of  the  public  has  to  be  obtained  on  a  great  scale,  the  affair 
demands  special  treatment,  and  if  undertaken  only  in  the  manner  of 
ordinary  enterprises  it  may  fail.  The  feasibility  and  profitable  nature 
of  the  undertaking  may  have  to  be  explained  with  exceptional 
clearness  to  the  public  mind,  the  condition  of  the  money  market  may 
have  to  be  closely  studied,  and  special  legislative  guarantees  may 
be  found  necessary.  Where  the  enterprise  is  novel  and  speculative 
as  well  as  large,  it  seldom  can  be  successfully  started  till  the  mind 
of  the  public  has  been  educated  to  receive  it,  and  this  is  some- 
Examples,  times  the  work  of  years.  The  Suez  Canal,  the  Panama  Canal,  the 
Manchester  Ship  Canal,  and  the  Tunnel  under  the  English  Channel 
are  extreme  cases  of  this  kind.  It  will  be  found  that  those  whose 
usual  business  is  to  negotiate  undertakings  of  an  ordinay  kind  will 
hesitate  to  engage  in  these  special  ones,  which  promise  no  practicable 
or  profitable  results  to  themselves  within  a  reasonable  time,  even 
though  they  may  be  convinced  of  the  ultimate  success  of  the  scheme 
and  of  its  public  advantage. 

Scheme  too  small.         Tfu  undertaking  may  be  too  small. — There  are  unavoidable  expenses 

incurred  in  raising  money  from  the  public  for  a  new  undertaking,  and 
these  are  generally  much  greater  in  proportion  for  a  small  than  for  a 
large  amount,  and  they  will  sometimes  entirely  swamp  the  enterprise. 

May  succeed  by    Small  undertakings  are  most  successful  when  carried  out  by  a  limited 

number  of  capitalists,  who  subscribe  the  necessary  funds  by  private 
arrangement  without  any  expenditure  for  promotion,  and  who  thus 
insure  that  all  the  capital  will  be  applied,  without  deduction,  to  the 
real  end  in  view.  As  in  the  preliminaries,  so  also  in  the  carrying 
out  of  the  work,  small  undertakings  in  foreign  countries  cannot  be 
profitably  managed  from  a  distance.      In  every  foreign  enterprise, 
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Expenses  of 
management. 


Sf^  Bkiocrs, 
page  136. 


whatever  be  its  extent,  if  it  is  carried  through  by  British  capitalists 
or  contractors,  certain  organisation  and  management  are  necessary. 
The  trouble,  expenses,  and  responsibilities  attendant  on  these  mny, 
in  the  case  of  small  undertakings,  be  so  great  in  proportion  to  the 
expected  profit  as  to  deter  from  the  enterprise  those  who  but  for  this 
would  engage  in  it  Capitalists  and  contractors  who  usually  under- 
take such  works  cannot  or  will  not  set  in  motion  for  small  affairs 
the  machinery  necessary  to  proper  management.  Tf,  for  instance, 
works  costing  ^10,000  or  ^^2 0,000  are  wanted  in  a  distant  country, 
there  will  sometimes  be  far  more  difficulty  in  getting  capitalists  or 
contractors  to  undertake  them,  than  if  the  cost  were  five,  ten,  or  even 
twenty  times  as  large.  This  objection  will  have  weight  in  proportion 
to  the  remoteness  of  the  country  and  the  wanr  of  security  there. 
Cases  of  this  sort  are  eminently  those  for  local  enterprise.  Engineer- 
ing aid  may  be  obtained  in  England,  machinery  and  plant  purchased, 
and  experienced  superintendents  engaged  at  salaries  to  assist,  but  it 
is  not  easy  to  find  anyone  in  England  willing  co  take  all  the  responsi- 
bility up  to  completion.  Sometimes  advanfige  may  be  taken  of  the 
presence,  in  the  distant  gountry,  of  English  contractors,  who  happen 
to  be  engaged  there  in  other  works  of  greater  magnitude,  and  who 
may  be  willing  to  use  their  st:iff  or  plant  for  the  smaller  enterprise. 
Sometimes,  also,  English  contractors  accustomed  to  small  affairs, 
and  who  know  something  of  the  country,  may  undertake  the  works, 
l)ecause,  by  giving  their  undivided  personal  attention  to  them,  they 
may  make  a  good  profit,  when,  if  loaded  with  the  expenses  usually 
attending  deputed  management,  the  enterprise  might  be  unremu- 
nerative.  Promoters  of  small  undertakings  may  sometimes  be  for- 
tunate enough  to  find  contractors  in  England  who  have  some  of 
their  staff  disengaged,  and  who,  to  retain  the  services  of  experienced 
men,  may  be  willing  to  employ  them  temporarily  on  smaller  works. 
In  the  laiger  Bntish  Colonies,  local  contractors  are  able  to  undertake  Local  contractors, 
works  of  magnitude  and  importance,  and  where  the  money  for  public 
works  is  provided  by  the  State,  there  is  no  need  for  outside  aid. 


The  estimated  profit  may  be  too  small. — There  is  no  standard  by  Profits  too  small, 
which  the  sufficiency  of  the  return  offered  by  any  enterprise  can 
be  measured.  The  rate  of  profit  which  will  induce  capitalists  or 
contractors  to  undertake  works,  increases  with  the  risks,  the  trouble, 
and  the  distance  from  home.  According  as  the  difficulties  appear 
great,  so  will  the   number   of  persons  willing   as  well   as   able  to 
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contract  become  small,  and  those  who  are  willing  naturally  demand 
terms  advantageous  to  themselves.  If  the  profits  gained  in  previous 
Profits  of  contracts  of  a  similar  character  are  cited  as  a  reason  for  lower  terms, 
compared.  due  allowance  must  be  made  for  differences,  however  slight,  which 
attend  the  new  enterprise,  and  to  the  fact  that  risks  which  have  been 
avoided  or  overcome  in  the  one  case,  have  yet  to  be  encountered  in 
the  other.  It  may  be  that  the  amount  of  profit  gained  in  a  previous 
enterprise  is  felt  to  be  insufficient,  and  in  itself  is  an  argument 
against,  instead  of  for,  undertaking  another  on  the  same  terms. 
There  are  generally  differences  of  opinion  between  buyers  and 
sellers,  and  after  every  argument  has  been  used,  it  of  course  remains 
entirely  at  the  discretion  of  the  contractor  to  adhere  to  his  own 
terms.  The  matter  is  then  finally  determined  by  thQ  ordinary  rules 
of  supply  and  demand,  and  if  competition  be  limited  by  the  nature  of 
the  undertaking,  or  for  other  reasons,  the  contractor  will  naturally 
be  somewhat  guided  by  the  necessities  of  the  buyer,  and  will  hardly 
forego  voluntarily  the  maximum  price  which  he  feels  the  buyer  is 
willing  to  pay.  Not  only  the  price  but  also  the  terms  and  conditions 
are  determined  by  these  same  considerations. 

Postponed  profits.  The  profits  may  be  too  long  postponed, — Even  where  the  profit 
^/^i^^aS^SMsa?"*  which  is  ultimately  to  be  gained  appears  sufficient,  too  long  a  post- 
ponement of  it  may  disincline  capitalists  or  contractors  from  an 
enterprise.  Although  the  estimate  of  cost  may  have  included  interest 
on  capital  during  the  period  of  construction,  or  of  waiting,  those  who 
engage  in  public  work-s  like  to  get  the  principal  money  itself  back 
again  as  soon  as  possible,  so  as  to  use  it  again.  Even  if  the  necessary 
capital  is  to  be  raised  by  appealing  to  the  public  for  subscriptions, 
the  postponement  will  have  the  same  deterring  effect,  and  will  reduce 
the  number  of  contributors. 

There  are,  of  course,  capitalists  who  will  wait  a  considerable 
time  if  the  profit  ultimately  to  be  gained  appears  sufficient  and  well 
enough  secured;  but  there  are  others — and  these  the  majority — 
whose  assistance  can  be  obtained  only  in  those  enterprises  where 
there  will  be  a  return  within  a  reasonable  time.  If,  for  instance,  the 
capital  be  held  in  shares,  whatever  may  be  the  nominal  rights  of 
transfer,  shares  on  which  the  profit  is  merely  prospective  are  not 
Saleable  shares,  always  easily  Saleable.  Even  though  there  be  risk  of  great  fluctua- 
pre  erre  .  ^jong  in  price,  speculative  investors  will  often  prefer  what  they  can 
always  sell  at  some  price  to  that  for  which  it  is  difficult  to  find  any 
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market  As  pledges  or  security,  bankers  always  prefer  such  saleable 
shares.  It  need  hardly  be  mentioned  that  of  only  a  small  proportion 
of  the  undertakings  in  which  capital  is  invested,  are  the  shares 
quoted  on  the  Stock  Exchange,  and  saleable  at  all  times. 


Seepage  \i. 


defined. 


The  terms  or  the  advantages  of  the  concession  may  he  too  vague  or  Vapie 

speculative. — On  this  rock  of  difficulty  a  large  proportion  of  schemes 
proposed  by  sanguine  promoters  split  at  an  early  stage.  Indeed,  it 
is  astonishing  how  persons  who  have  any  claim  to  business  capacity 
can  expect  consideration  for  some  of  the  immature,  vague,  and  even 
absurd  schemes  which  they  bring  forward.  Some  explanation  may 
perhaps  be  found  in  the  fact  that  the  scheme  in  question  is  one 
entirely  outside  their  own  experience ;  and  promoters  who  may  be 
shrewd  enough  in  their  own  proper  business  may  be  ignorant  of 
the  rudimentary  objections  which  are  fatal  to  their  new  scheme. 
Examples  of  this  vagueness  are  often  furnished  by  schemes  for  the 
purchase  of  a  new  patent,  or  other  speculative  monopoly.  Large 
gains  have  resulted  from  such,  but  as  not  one  patent  in  fifty  repays 
the  inventor,  the  advantages  offered  must  be  very  apparent,  or  at 
least  capable  of  very  easy  proof,  and  the  profits  must  be  considerable, 
to  induce  capitalists  to  rely  upon  t  lem. 

Sometimes  the  vagueness  lies  in  the  definition  of  the  payments.  Payments  vaguely 
The  following  may  be  given  as  an  instance :  A  promoter  will  offer 
some  new  enterprise  to  a  contractor  or  capitalist,  who  is  to  accept,  in 
return  for  his  aid,  remuneration,  all  or  in  part,  in  shares,  debentures, 
or  obligations.  Now,  it  is  possible  that  the  scheme  may  be  so  sound 
that  such  remuneration,  if  properly  arranged,  may  be  sufficient.  But 
it  is  obvious  that  the  value  of  shares  or  debentures  depends  upon 
various  considerations,  besides  the  mere  nature  of  the  enterprise. 
The  jurisdiction  under  which  the  undertaking  is  to  be  carried  on ; 
the  amount  of  capital  to  be  raised;  the  proportion  the  capital  will 
bear  to  the  cost  and  profits  of  the  undertaking ;  the  proportionate 
amount  of  shares  and  debentures  ;  the  priority,  if  any,  of  one  kind  of 
share  over  another,  or  of  debentures  over  both ;  the  nature  of  the 
guarantees ;  the  names  and  reputation  of  the  persons  who  are  to 
manage  the  affair ;  information  on  these  and  a  variety  of  other  points 
is  essential  to  a  proper  assessment  of  value.  As  has  been  referred  to 
already,  it  is  primarily  the  duty  of  the  promoter  to  arrange  these 
matters.  If  he  does  not,  he  should  acknowledge  his  position  at  the 
outset,  and  at  any  rate  be  prepared  with  such  information  as  will, 
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if  the  enterprise  is  a  good  one,  enable  those  who  have  experience 
in  such  matters  to  prepare  a  complete  scheme.  But  too  often  the 
promoter  professes  to  have  a  very  complete  scheme  ready ;  and  it  is 
only  by  an  exhaustive  series  of  questions  that  its  inchoate  condition 
is  discovered,  when  the  prospects  of  the  enterprise  are  discredited 
accordingly. 


Insecurity.  Insecurity. — Apart  altogether  from  the  ordinary  chances  of  profit 

or  loss,  which  according  to  its  nature  accompany  every  enterprise,  an 
earlier  question  of  security  arises.  'J'here  are  countries— unfortunately 
not  unknown  to  British  enterprise — where  all  property  is  insecure. 
Liability  to  war  or  civil  commotion,  during  which  works  may  be 
interrupted  or  property  destroyed ;  the  despotic  nature  of  govern- 
ments, or  sudden  changes  of  rulers,  are  causes  of  insecurity  One 
Repudiation.       set  of  ministers  may  repudiate  the  acts  and  obligations  of  t!ieir 

predecessors,  or  obligations  which  were  originally  promised  in  gold 

may  be  paid  in  depreciated  currency.     A  natural  want  of  honesty ;  a 

Corrupt  officials,    low  moral  tone  in  the  people ;  corruption  in  officials  or  tribunals ; 

jealousy  of  foreign  interference,  are  other  causes.  Taxes  from  which 
an  undertaking  has  been  directly  or  by  implication  exempted,  may 
be  inflicted;  and  ex  post  facto  legislation,  nominally  general  in  its 
application,  may  be  aimed  specially  at  the  foreign  capital,  which  has 
ventured  within  its  power.  Sometimes,  through  poverty  or  greed, 
or  sheer  dishonesty,  guarantees  are  repudi  Ued ;  and  though  stern 
necessity  is  often  pleaded  as  an  excuse  for  such  injustice,  the  injury 
is  none  the  less.  Even  where  a  supposed  security  has  been  given,  as 
by  liens  on  property,  or  special  hypothecation  of  revenues  or  taxes, 
it  may  prove  impossible,  from  partiality  in  the  law  or  weakness  of  the 
executive,  to  foreclose,  and  the  capitalist  may  find  himself  without 
remedy.  Sometimes,  while  no  direct  repudiation  may  be  attempted, 
the  comiitions  of  a  concession,  the  meaning  of  an  agreement,  or  a 
statement  of  accounts  may  be  disputed,  and  advantage  be  taken  of 
the  dispute  to  refuse  payments  which  are  due.  Many  such  cases 
have  occurred  in  countries  which  would  not  venture  to  hold  back 
the  interest  on  a  public  loan,  and  it  is  for  this  reason  that  public 
loans,  which  pledge  the  credit  of  a  country  unconditionally,  are 
more  favourably  received  by  capitalists  than  conditional  guarantees. 
Countries  where  wrongs  of  this  kind  are  perpetrated  of  course  lose 
their  credit,  and  have  to  pay  dearly  for  it  in  the  future.  Capitalists 
Confiscation.       are  sensitive  of  anything  savouring,  however  remotely,  of  confiscation. 


Fallacious 
securities. 


Disputed 
accounts. 
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and  although  the  temptation  of  high  gains  may  induce  speculative 
investors,  resting  on  fresh  assurances,  to  enter  into  new  enterprises, 
the  sources  from  which  capital  can  be  obtained  are  for  such  countries 
greatly  narrowed,  and  the  difficulties  in  the  way  of  promoters  are 
immensely  increased.  Even  where  no  previous  repudiation  has 
damaged  the  credit  of  a  country,  and  there  is  no  reason  for 
doubting  the  good  faith  of  its  rulers,  intendmg  investors  should 
take  pains  to  ascertain  the  resources  available,  and  to  see  that 
the  obligations  incurred  are  really  within  the  means  and  power  of 
the  people  to  fulfil. 


See  page  9^. 


Promoters' 
claims. 


Extravagant  demands, — Reference  has  been  made  to  the  price 
or  consideration  which  has  sometimes  to  be  paid  for  a  concession. 
Foreign  enterprises  are  iu  the  majority  of  cases  introduced  to  English 
capitalists  by  promoters  who  seek  a  profit  from  the  transaction; 
and  behind  these  promoters  may  be  others  also  who  have  to  be 
conciliated  or  paid.  The  skill  and  trouble  which  have  been 
bestowed  upon  a  scheme  in  its  earlier  stages  may  have  been  as 
necessary  and  as  legitimate  as  the  actual,  carrying  out  of  the  works ; 
and  payment  for  these  services  may  be  claimed  with  equal  fairness. 
So  also,  as  i.i  other  business  transactions,  commissions  may  have  to 
be  piid  to  those  who  aid  in  bringing  together  the  various  parties 
to  the  transaction,  or  who,  by  their  experience  in  such  matters, 
know  what  to  do  or  avoid  in  steering  the  undertaking  to  maturity 
and  success.  More  than  this,  the  undertaking  may  be  of  such  a 
remunerative  nature  as  to  entitle  those  who  dispose  of  it  to  a  distinct 
and  considerable  profit.  It  is  obvious  that  no  rule  can  be  laid  down  Arbitrary  prices. 
on  such  a  matter.  But  as  in  regard  to  new  enterprises  there  is  often 
no  fixed  standard  by  which  to  measure  value,  and  as  the  promoters 
may  have,  in  the  first  instance,  to  name  an  arbitrary  price,  there  is 
often  a  not  unnatural  tendency  to  take  advantage  of  such  a  position, 
and  to  demand  too  much.  Where  the  interests  of  the  promoters  lie 
in  this  direction,  it  is  not  difficult  for  them  to  prove,*  at  any  rate  to 
their  own  satisfiction,  that  the  price  and  terms  they  demand  are  well 
within  what  the  profits  of  the  enterprise  will  afford,  and  are  altogether 
justified  by  the  merits  of  the  case.  A  seller  naming  his  own  price 
often  has  these  views. 

It  is  evident  that  if  an  undue  load  of  charges  be  put  upon  an 
enterprise,  the  effect  must,  sooner  or  later,  be  disastrous  to  those  who 
embark  capital  in  it.      Examples  may  be  seen  in  all  directions  of 
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railways  and  other  public  works,  with  moderate  working  expenses, 
with  a  net  revenue  amply  sufficient  to  pay  remunerative  interest  on 
the  real  cost  of  the  undertaking,  and  yet  which  afford  little  or  no 
dividend  to  the  proprietors.  It  has  been  discovered  too  late  that  so 
much  money  was  squandered  in  preliminary  expenses,  in  extravagant 

Excessive  capital,  outlay,  heavy  commissions  or  corruption,  that  the  nominal  capital  is 

far  in  excess  of  what  would  have  been  necessary  under  honest  and 
capable  management.     To  meet  these  charges  the  capital  has  been 

Watered  shares.    SO  extended,  Or  the  shares  so  "  watered,"  that  the  revenue,  when 

divided,  will  only  pay  a  very  small  rate  of  interest ;  or  preference 
obligations  have  been  incurred  to  such  an  extent  that  no  dividend  at 
all  is  left  when  the  prior  claims  have  been  met.  Capitalists  are  not 
blind  to  these  contingencies,  of  which  there  is  much  past  experience 
to  warn  them ;  and  although  occasional  success  in  evading  scrutiny 
may  encourage  promoters  in  extravagant  demands,  the  majority  of 
schemes  so  treated  deservedly  fail.  Where,  however,  promoters  have 
a  sincere  and  well-founded  belief  in  the  value  of  an  enterprise,  they 
can  obtain  an  ample  share  of  profit,  and,  at  the  same  time,  give , 
proof  of  good  faith  by  deferring  their  own  claims  till  those  of  the 
other  investors  have  been  met.  Arrangements  of  this  kind  have 
been  already  referred  to. 


CHAPTER   IV. 

RAILWAYS. 

The    amount   of   capital 
expended  in  the  construc- 
tion of  railways  equals  or 
exceeds  that  invested  in 
all  other  modern  public 
works;    and    there     are 
engineers,  capitalists,  and 
contractors  who    confine 
themselves  almost  entirely 
to  this  one  kind  of  enter- 
prise.    But  in  considering  the  conditions  necessary  for  the  successful      Conditio 
carrying  out  of  a  new  railway  scheme,  as  well  as  of  any  other 
engineering   project,  it    must    be    borne  in  mind   that,   however 
necessary  or  desirable  the  work  may  be  to  the  development  or 
prosperity  of  a  country,  capitalists  whose  aid  is  invited  will  look 
at  the  enterprise  solely  from  an  economical  point  of  view.     If  a 
railway  is  likely  to  produce  enough  revenue,  directly  it  is  opened,  to 
pay  a  fair  interest  on  its  cost,  this  likelihood  affords  a  pritnd  fade    lBte««  o 
plea  for  obtaining  the  money  for  its  construction.     Subject  to  its 
feasibility,  and  the  other  general  conditions  alluded  to  in  the  pre- 
ceding chapters,  it  is  obvious  that  the  probability  of  an  immediately 
remunerative    return    is   the    essential   preliminary  question    to    be 
settled ;  and  the  burden  of  proof  of  this  lies  on  the  promoters.    Still, 
if  this  question  cannot  be  answered  satisfactorily,  it  does  not  follow 
that  the   railway  should   not  be   made.      There  may  be  so  many 
secondary,  or  indirect,  advantages  to  be  gained  that  the  inhabitants,        Second 
either  directly  or  through  their  Government,  or  some  Local  Authority, 
may  give  such  contributions,  subsidies,  or  guarantees  as  will  compen- 
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sate  for  the  deficiency,  and  make  the  enterprise  a  safe  one  for  the 
Set  pages  ^^  to  ^f,,    outside  Capitalist.      Various  arrangements  of  this  kind  have  been 

already  alluded  to. 


Calculations  of 
profit. 


In  calculating  the  probable  profits  of  a  railway,  there  are  three 
principal  factors  in  the  estimate : — 

I.  The  Cost  of  the  Railway. 
II.  The  Expenses  of  Working  and  Maintenance. 
III.  The  Revenue. 


Calculation  of 
coat. 


I.  The  Cost  of  thf  Railway. — The  calculation  of  cost  depends  on 
the  special  nature  of  each  case.  In  settled  countries  the  primary 
expenditure  is  that  for  land,  in  the  price  of  which  there  is  the  widest 
divergence.  In  sparsely  peopled  countries  or  colonies,  whose 
development  depends  on  the  construction  of  railroads,  not  only  may 
the  land  actually  needed  for  the  line  be  given  gratis,  but  additional 
land  contiguous  to  the  line  of  route,  so  that  those  who  embark 
money  in  the  construction  may  share  in  the  enhanced  value  of  the 
land  due  to  their  enterprise.  This  contribution  may,  indeed,  be  a 
necessary  aid  to  the  raising  of  money  on  special  bonds  created  on 
the  security  afforded  by  the  prospective  land  value.  In  England 
Purchase  of  land,  either  the  average  rate  of  interest  paid  by  railway  undertakings  is 
See  pages  ^,x6  6;*  ^6,  much  Icss  than  it  would  bc  if  the  land  had  been  obtained  on  equit- 
able terms,  or,  in  order  to  pay  a  fair  interest,  the  rates  of  freight  are 
higher  than  they  need  have  been  if  the  cost  of  the  land  and  its 
expropriation  had  been  less.  But  legislation  with  regard  to  railways 
has  been  so  conducted  that  not  only  have  excessive  prices  been 
demanded  and  obtained,  but  extravagant  compensation  has  been 
allowed,  where,  instead  of  the  injuries  pleaded,  great  advantages 
have  been  certain  to  accrue  from  the  railway. 

The  amount  of  land  required  depends,  first,  on  whether  a  single 
Width  of  gauge,    or  double  line  is  required  ;  secondly,  on  the  width  of  gauge  ;  and, 

thirdly,  on  the  nature  of  the  works.  As  almost  everything  connected 
with  a  railway — land,  works,  and  rolling-stock — is  to  some  extent 
determined  by  the  gauge,  which  may  almost  be  termed  the  key- note 
of  the  project,  the  subject  demands  careful  consideration.  The 
gauge  of  4  ft.  8^  in.,  which  was  adopted  first  on  English  railways, 
Standard  gauge,    and  which,  as   the   "  standard   gauge,"   now   generally  prevails   in 

Europe  and  the  United  States,  was  that  of  the  existing  vehicles  on 
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common  roads ;  and,  although  the  precise  dimensions  were  accidental, 
being  those  of  the  colliery  tramways  which  were  the  immediate 
precursors  of  railways,  it  is  useful  to  remember  that  the  ordinary  Gauge  of  ordinary 
custom  in  regard  to  the  width  of  carts  and  carriages  was  the  outcome 
of  long  experience,  and  that  such  vehicles  had  been  found  wide 
enough,  but  not  loo  wide,  for  the  safe  and  convenient  conveyance 
of  passengers  and  goods.  And,  after  many  years'  experience  of 
railways,  both  wider  and  narrower  than  the  original  standard  gauge, 
it  is  found  that  while  a  wider  gauge  is  unnecessary,  a  narrower  one — 
though  sufficient  for  railways  of  particular  kinds,  such  as  will  presently  setpage  68. 
be  described — does  not  fulfil  all  the  conditions  necessary  for  an 
important  line.  If  the  matter  were  open  for  discussion  on  its  merits, 
probably  5  ft.  would  be  the  width  chosen  by  English  engineers,  the 
slight  increase  over  the  present  standard  being  advantageous  in  the 
designing  of  locomotives,  especially  those  with  inside  cylinders.  But 
as  uniformity  is  the  chief  consideration,  the  standard  gauge  may  be 
accepted  without  further  question.  For  many  years  after  the  esta- 
blishment of  railways  in  England  it  was  so  accepted  in  the  majority 
of  cases ;  and,  where  any  difference  was  made,  it  was  in  the  direction 
of  a  wider  gauge.  For  the  present  purpose,  the  following  may 
be  stated  as  axioms  agreed  to  by  the  great  majority  of  railway 
engineers  : — 

(a)  There  arc  no  peculiar  merits  in  the  standard  4  ft.  8^  in.  gauge 
which,  apart  from  the  advantages  of  uniformity,  make  those  exact 
dimensions  the  best  for  railways. 

(b)  The  inconveniences  and  expense  attending  the  break  of  gauge    Break  of  eauge. 
are  so  great,  that  without  special  and  weighty  reasons,  no  new  gauge 

should  be  introduced  into  a  district  or  country  where  railways  of 
another  gauge  may  be  expected  to  come  in  contact.  In  the  United 
States  and  Canada  great  expense  has  been  incurred  in  reducing  the 
various  wide  gauges  to  the  standard,  and  in  Australia  the  diversity  of 
gauge  in  the  separate  Colonies  will  render  a  similar  expenditure 
necessary  in  the  early  future. 

(f)  Where  the  traffic  of  a  country  is  great  or  is  likely  to  become 
so,  and  where  the  necessary  money  can  be  obtained  without  too  standard  gauge 
great  a  burden  on  the  community,  it  is  belter  to  avoid,  even  in 
inaugurating  railways,  any  gauge  much  less  than  the  standard  gauge: 
and,  as  there  are  several  minor  advantages  in  having  railway  stock 
and  appliances  similar  to  those  in  other  countries,  and  therefore, 
more  easily  purchased,  the  standard  gauge  should  be  preferred.    The 
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Reasons  against 
narrow  gauge. 


See  Locomotives, 
P»ge  637* 


Narrow  gauges. 


Cheapness 
obtained. 


conveyance  of  large  guns,  large  boilers,  road  vehicles,  thrashing" 
machines,  and  similar  bulky  articles,  is  not  easily  accomplished  on  a 
narrow-gauge  railway ;  and  if,  to  maintain  the  same  loading  gauge, 
wide  and  lofty  trucks  are  built  on  a  narrow  wheel-base,  the  centre  of 
gravity  in  the  vehicles  would  almost  necessarily  be  high,  and  they 
would  not  run  safely.  The  same  width  of  land,  tunnels,  and  bridges 
as  for  the  standard  gauge  would  also  be  required.  Moreover,  so 
long  as  locomotives  are  wanted  of  the  strength  and  speed  now 
adopted  on  the  principal  lines,  nothing  much  less  than  the  standard 
gauge  will  afford  sufficient  strength  and  at  the  same  time  allow 
convenient  access  to  all  the  working  parts. 

{d)  Narrow-gauge  lines  of  from  2  ft.  to  3  ft  6  in.  are  sufficient 
for  very  considerable  traffic ;  those  not  less  than  2  ft.  6  in.  gauge 
being  sufficient  for  a  maximum  speed  of  20  miles  per  hour ;  those  of 
3  ft.  for  25  miles  per  hour;  and  those  of  3  ft.  6  in.  for  35  miles  per 
hour,  with  ease  and  safety. 

(e)  The  saving  in  land  by  the  use  of  narrow  gauges  is  inconsider- 
able ;  but  sharper  curves  are  feasible,  and  the  saving  in  works  and 
rolling-stock  is  considerable,  say  20  per  cent  and  upwards,  according 
to  the  weight  of  the  locomotives  and  the  corresponding  strength  of 
the  permanent  way. 


Cost  of  railways. 
See^j^e6-i. 
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how  determined. 
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pa^e  659. 
Fluctuations  in 
Pricks, /a^ir  443. 


Pioneer  railways. 


Ballast  omitted. 


There  is  no  fixed  rule  for  the  cost  of  railways,  a  range  of  from 
;^2ooo  to  ;£'2o,ooo  per  mile  of  single  line  standard-gauge  indicating 
the  wide  diversity  in  actual  practice.  The  actual  cost  depends  on 
three  main  considerations  :  First,  on  the  nature  of  the  ground  which 
may  in  one  case  allow  the  railway  to  be  laid  as  a  surface  line  with 
little  or  no  expense  for  earthworks,  and  in  another  may  require 
expensive  cuttings,  embankments,  bridges,  or  tunnels.  Secondly,  on 
the  strength,  capacity  and  equipment  of  the  line.  Thirdly,  on  the 
prices  current  for  rails  and  other  materials.  In  regard  to  the  second 
of  these  points,  the  rail  track  is  the  essential  condition,  and  this  can 
be  given  very  cheaply,  unless  considerable  earthworks  or  expensive 
bridges  are  required.  In  a  newly  settled  country  much  of  the  outlay 
usual  in  European  railways  may  be  omitted  as  non-essential  to  the 
immediate  object  in  view.  Thus  the  pioneer  railways  in  the  United 
States  of  America  have  been  cheaply  made,  not  only  because  land 
has  been  obtained  free  of  cost,  but  also  by  the  omission  of  ballast, 
fences,  buildings,  signals,  and  over-bridges,  and  by  using  light  rails. 
Although  a  ballasted  road  is  necessary  to  smooth  running  and  high 
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speed,  the  cost  is  so  considerable  that  the  advantages  of  railway 
communication  may  be  obtained  at  moderate  cost  by  leaving  the 
ballasting  till  the  traffic  has  developed  and  funds  are  available.  But 
there  is  so  much  risk  in  running  trains  on  an  uneven  road  that  a 
saving  in  the  weight  of  rails  would  even  be  preferable  to  having  no 
ballast  at  all.  The  gauge  of  the  line  should,  from  the  commence- 
ment, accord  with  that  of  the  neighbouring  railways,  whose  rolling- 
stock  may  have  to  run  upon  the  new  line ;  and  although  a 
considerable  saving  may  be  made  by  using  light  rails,  yet  they  will 
rapidly  deteriorate  if  heavy  engines  from  neighbouring  lines  pass 
over  them,  the  efficiency  of  the  line  for  through  traffic  being  thus 
greatly  hindered.  The  chief  use  of  fences  is  to  prevent  animals 
straying  on  to  the  line ;  and  where,  as  in  America,  fences  are 
universally  omitted  except  in  the  neighbourhood  of  important  towns, 
the  risks  of  collision  are  minimised  by  using  strong  headlights  on  the 
engine,  so  illuminating  the  track  as  to  show  any  obstruction,  and  by 
the  pilot  or  *'  cow-catcher  '*  in  front  of  the  engine,  which  throws  off 
any  animal  which  comes  in  the  way.  Signals  are  obviously  of  little 
use  where  only  two  or  three  trains  run  per  day  ;  and  until  the  traffic 
grows,  the  use  of  the  telegraph  and  the  protection  by  flagmen  of  the 
trains  while  standing  are  found  sufficient  for  safety.  Buildings  are 
only  accessories  to  a  railway ;  warehouses  may  be  built  as  traffic 
demands  it ;  while  most  of  the  business  of  the  passengers'  tickets  and 
baggage  may  be  managed  by  the  conductors  in  the  cars,  and  the 
actual  office  work  may  be  carried  on  in  small  cheap  buildings.  The 
raised  platforms,  waiting-rooms,  and  other  accessories  usual  on 
European  lines,  do  not  necessarily  pertain  to  a  train  service,  and  can 
be  added  afterwards.  Under-bridges  are  of  course  necessary  from 
the  commencement  to  carry  a  railway  over  rivers  and  ravines,  and 
though  economy  is  sometimes  sought  by  constructing  rude  or  tem- 
porary bridges,  such  cheapness  is  unadvisable,  and  involves  outlay 
and  inconvenience  at  an  early  date.  But  by  omitting  over-bridges 
for  road  crossings,  a  considerable  saving  can  be  effected,  not  only  in 
the  actual  cost  of  the  bridges,  but  in  the  approaches  which  they 
require.  Against  this,  however,  it  must  be  remembered  that  as  town^ 
grow  up  along  a  railway,  there  will  be  considerable  outlay  for  gates 
and  watchmen ;  and  later  on  the  passage  of  express  trains  through 
towns  is  retarded  by  municipal  rules  limiting  the  speed,  or,  as  has 
taken  place  in  the  large  cities  of  the  United  States,  the  railways  have, 
at  great  cost,  to  be  raised  on  viaducts.    In  a  newly  settled  country,  how- 
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Railway  bonds. 

See  pages  12, 33  <Sr*  44. 
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ever,  the  inconveniences  appear  too  remote  to  justify  such  expense 
at  the  beginning  to  avoid  them. 

While  it  may  be  expedient,  and  indeed  necessary,  to  adopt  some 
or  all  of  the  economies  stated  above,  it  must  be  borne  in  mind  that 
cheap  construction  involves  a  higher  ratio  of  working  expenses  than 
where  everything  is  made  strong  and  complete  from  the  commence- 
ment. The  average  cost  of  working  the  United  States  railways  in 
1896  was  70  per  cent,  of  the  gross  receipts,  as  against  an  average  of 
56  per  cent,  in  Great  Britain.  Moreover,  where,  as  in  the  United 
States,  it  is  endeavoured  to  strengthen  and  improve  cheap  railways 
out  of  revenue  as  traffic  increases,  shareholders  are  often  tantalised 
by  receiving  small  dividends,  while  the  accounts  show  a  large  net 
revenue  after  the  payment  of  maintenance  and  running  expenses. 
Much  of  what  would  appear  to  be  a  balance  available  for  dividend 
has  been  expended  in  ballasting,  on  heavier  rails,  stronger  bridges, 
station  buildings,  and  other  forms  of  "  betterment."  So  Ions:  as  the 
interest  on  bonds  can  be  met,  those  who  control  the  management 
may  deem  it  advantageous  to  strengthen  the  line,  and  give  a  future 
value  to  the  shares.  The  relation  of  bond  to  share  capital,  and  the 
fact  that  the  management  is  largely  in  the  hands  of  those  who  have 
not  provided  the  funds  for  construction,  are  the  circumstances  that 
mainly  explain  these  apparent  anomalies. 

When  railways  cross  hilly  country,  or  where  the  cuttings  and 
tunnels  are  numerous  or  of  heavy  material,  or  where  expensive  long- 
span  bridges  are  required,  the  cost  rapidly  increases.  The  cost  of 
tunnels  for  a  single  line  of  standard  gauge  may  be  stated  at  J[^2^  per 
lineal  yard  and  upwards,  depending  on  the  nature  of  the  material  to 
be  excavated,  on  the  masonry  or  other  new  work  to  be  performed, 
and  on  other  circumstances.  A  tunnel  that  does  not  require  lining 
with  brickwork,  or  only  a  partial  lining  to  arch  over  sloping  sides  as 
is  possible  in  rocky  strata,  is  cheaper  than  a  tunnel  through  softer 
strata  that  requires  lining.  The  second  Ampthill  tunnel  (double 
line)  on  the  Midlard  Railway,  made  in  1893-5,  through  slippery 
cl:iy  sirata,  cost  JPfio  per  lineal  yard.  From  ;f  40  to  ;^9o  per  lineal 
yard  are  limits  of  cost  wide  enough  to  include  the  great  majority  of 
double  line  tunnels ;  but  in  exceptional  cases  these  rates  of  expendi- 
ture have  been  greatly  exceeded.  The  Kilsby  tunnel,  i^  mile  long, 
with  a  double  line  of  standard  gauge,  on  the  London  and  North- 
western Railway,  which  had  to  pierce  a  stratum  of  quicksand,  and  in 
which  continuous  pumping  on   a  great    scale  was  necessar)^  cost 
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j£i25  per  yard,  and  even  this  sum  has  in  a  few  cases  been  exceeded. 
The  Mont  Cenis  tunnel  cost  J[y22^  per  yard,  the  St.  Gothard 
tunnel  ^143,  and  the  Arlberg  tunnel  ;^io8  per  yard. 

The  expenses  above  referred  to  for  embankments,  cuttings,  and 
tunnels,  which  are  necessary  in  a  hilly  country  for  the  construction 
of  a  railway  with  moi'.erate  gradients,  may  in  many  such  cases  be 
avoided  if  steep  gradients  or  sharp  curves  could  be  permitted.  But 
the  width  of  gauge  prevents  sharp  curves,  and  on  the  main  lines  of 
the  principal  English  railways  curves  of  less  than  1650  ft.  (25  chains) 
are  considered  unsuitable  for  heavy  trains  running  at  high  speed,  and 
even  on  branch  lines  it  is  always  considered  desirable  to  avoid  any 
less  radius  than  15  chains.  Where  there  is  a  less  radius  (and  there  are 
on  some  English  lines  sharp  curves  of  12  and  10  chains)  a  reduced 
speed  becomes  necessary,  although  the  modem  improvements  in 
bogie-frames  for  engines  and  rolling-stock  ensure  smoother  running 
than  formerly.  Steep  gradients  add  so  greatly  to  the  locomotive 
power  required,  that  even  at  an  increased  first  cost  engineers 
endeavour  to  avoid  them.  Genenlly  speaking,  the  gradients  on 
English  main  lines  are  seldom  steeper  than  i  in  90,  and  some  of  the 
more  important  railways  have  sections  of  100  miles  with  no  gradients 
steeper  than  i  in  200.  Some  even  of  the  best  lines,  however,  have 
a  few  exceptional  gradients  of  i  in  50  to  i  in  70,  while  in  some  rare 
cases  both  passenger  and  goods  trains  are  drawn  by  locomotive 
power  up  I  in  37.  There  are  also  mineral  railways  where  inclines  as 
steep  as  I  in  19  are  overcome  by  locomotives  pushing  the  trains,  and 
I  in  15  may  be  taken  as  the  absolute  limit  for  locomotives  dependent 
in  the  usual  way  for  their  tractive  force  on  the  adhesion  to  the  rails. 
For  gradients  steeper  than  i  in  15  special  kinds  of  locomotives,  fixed 
engines,  or  other  exceptional  apparatus  become  necessary. 

A  single  line  of  the  standard  (4  ft.  8^  in.)  gauge,  with  rails  60  lb. 
per  yard,  M'ith  embankments  and  cuttings  averaging  3  feet,  but  with 
little  ballasting,  will  cost  about  ^4,000  per  mile,  exclusive  of  land  and 
rolling-stock.  With  ballast  15  in.  to  24  in.  deep,  rails  70  lb.  per  yard, 
and  station  buildings,  the  cost  rapidly  increases  to  ;^6,ooo  per  mile. 
But  in  Great  Britain  and  on  some  of  the  principal  railways  of  the 
United  States  much  stronger  lines  are  constructed,  with  rails  of  80  lb. 
to  90  lb.,  and  in  a  few  cases  even  100  lb.  per  yard. 

Even  leaving  out  of  question  the  enhancement  of  cost  which  has 
so  often  in  England  resulted  from  Parliamentary  contests,  extravagant 
compensations  and  inequitable  payments,  some  single-line  railways 
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have,  from  the  nature  of  the  works  alone,  cost  over  ;^2o,ooo  per 
mile.  The  cost  of  a  double  line  will  add  approximately  from  50  to  75 
per  cent  to  the  rates  per  mile  above  stated ;  but  as  the  advantages 
afforded  by  a  double  line  over  a  single  line  consist  in  the  conveni- 
ence, regularity,  and  safety  of  working,  as  well  as  in  the  increased 
capacity  for  traffic ;  and  as  the  cost  of  equipment — station  fittings 
and  rolling-stock — depends  mainly  on  the  traffic,  the  additional  cost 
of  equipment  for  a  double  line  does  not  follow  in  the  same  propor- 
tion, and  unless  the  traffic  be  much  increased,  from  10  to  30  per 
cent  would  cover  it  But  as  a  double  line  worked  to  its  full  extent 
will  carry  much  more  than  double  the  traffic  of  a  single  line,  the  ex- 
pense of  rolling-stock  may  in  such  a  case  also  be  more  than  doubled 
with  profitable  results. 

It  is  usual  to  state  separately  the  cost  of  land  and  of  rolling-stock. 
The  quantity  of  land  required  for  a  mile  of  railway  depends  upon  the 
width  as  determined  by  the  depth  of  cuttings  and  height  of  embank- 
ments. Assuming  an  average  depth  and  height  of  3  ft  and  a  slope 
of  1 4  to  I  (which  is  that  usual  for  alluvial  soil),  from  5  to  6  acres  will 
be  required  per  mile  of  single-line  standard-gauge  railway  made 
in  the  manner  usual  in  England.  For  each  foot  deducted  from  or 
added  to  the  average  depth  and  height,  one  yard  in  width  or 
1760  yards  per  mile  (about  |  acre)  must — if  the  same  angle  of  ij 
to  I  be  maintained — be  deducted  from  or  added  to  the  acreage  given 
above.  These  quantities  are  exclusive  of  land  for  sidings  and  stations. 
It  is  always  advisable  for  a  railway  company  to  secure  surplus  land  at 
stations,  because  such  land  will  be  invaluable  if  additional  buildings 
or  sidings  are  afterwards  required ;  while,  owing  to  the  enhanced  value 
which  land  in  the  neighbourhood  of  stations  acquires,  it  can  be  re-sold 
with  advantage,  if  it  be  not  permanently  required  for  the  railway. 
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It  is  usual  in  constructing  a  single-line  railway  to  make  certain 
provisions  for  converting  it  into  a  double  line  afterwards.  Thus  land 
enough  for  a  double  Hne  is  purchased,  the  single  line  being  con- 
structed on  one  side,  as  indicated  above ;  bridges  over  the  railway  are 
constructed  of  a  sufficient  span ;  the  masonry  abutments  of  under- 
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bridges  may  even  be  built  for  the  double  line,  the  bridge  itself  being 
at  first  only  made  for  the  single  line.  The  cost  of  rolling-stock 
depends  on  the  kind  and  amount  of  traffic,  which  have  no  fixed 
relation  to  the  length  of  the  line,  but  from  ;^7oo  to  ;^  1,000  per 
mile  will  include  the  sum  which  has  been  found  necessary  on  most  of 
the  single  lines  of  standard  gauge  built  in  foreign  countries. 
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So  much  has  the  standard  gauge  been  associated  with  railways.  Efficient 

that  it  is  difficult  for  those  who  have  seen  no  others  to  realise  the 
efficient  services  that  can  be  rendered  by  narrow-gauge  lines.  It  is 
necessary,  however,  in  considering  these  to  recognise  clearly  the 
difference  between  a  railway  proper  and  the  subsidiary  lines  for 
which  a  narrow  gau^e  is  suitable.  For  railways  very  strong  reasons 
are  necessary  to  justify  any  departure  from  the  standard  gauge.  Com- 
mencing from  the  very  smallest,  railways  of  from  10  in.  to  24  in. 
gauge  are  sufficient  for  continuous  and  heavy  services  in  factories, 
quarries,  and  mines,  and  such  lines  have  the  advantage  not  only  of 
economising  cost,  but  space  also,  as  they  can  be  constructed  with 
sharp  curves,  and  made  to  branch  into  places  where,  without 
them,  it  would  be  impossible  to  move  heavy  loads  cheaply  or  even 
at  all.  The  narrower  of  such  lines  should  in  strictness  be  called 
tram-roads,  as  it  is  only  when  a  gauge  of  1 8  in.  is  reached  that  the 
use  of  locomotives  becomes  profitable  or  expedient.  The  smallest 
gauges  on  which  locomotives  work  continuously,  and  with  regard  to 
whose  efficiency  trustworthy  experience  has  been  gained,  are  the 
railway  at  the  Crewe  Locomotive  Factory  of  the  London  and 
North-Westem  Railway;  the  railways  in  Woolwich  Arsenal,  and 
Chatham  Dockyard;  and  the  Festiniog  Railway,  in  North  Wales. 
At  Woolwich,  Chatham,  and  Crewe,  these  small  railways  merely 
supplement  the  lines  of  standard  gauge  by  which  communication 
with  the  railways  of  the  kingdom  is  maintained.  The  Festiniog  Festiniog  railway. 
Railway,  in  North  Wales,  which  has  been  visited  by  numberless 
persons  desirous  of  information,  is  interesting  and  useful  as  an 
example  of  what  may  be  done  under  certain  conditions;  but 
discrimination  is  needed  in  drawing  conclusions  from  its  success. 
The  exceptional  shape,  weight,  and  uniformity  of  the  loads 
(slate)  which  are  carried,  the  solidity  of  the  permanent  way,  the 
nature  of  the  cuttings,  tunnels,  and  other  works,  and  the  excep- 
tional feature  that  nine-tenths  of  the  paying  loads  are  taken 
down-hill,   are   all   circumstances   which    must  be   weighed  against 
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the  corresponding  conditions  in  any  new  case  which  demands 
consideration. 

In  many  foreign  countries  there  is  not  the  same  necessity  as  in 
England  for  heavily  made  wide-gauge  railways ;  or,  whatever  be  the 
necessity,  the  want  of  money  precludes  their  construction.  For 
such  cases,  light  narrow-gauge  railways  may  be  adopted  with 
advantage.  When  the  traffic  consists  only  of  passengers  and  of 
produce  or  merchandise  in  light  pieces  or  packages,  there  is 
no  necessity  for  the  heavy  rolling-stock,  the  heavy  locomotives,  and 
the  consequent  heavy  permanent  way,  nor  for  the  strong  under- 
bridges  required  by  ordinary  railways.  It  is  the  lightness  of  the 
locomotives,  and  not  the  mere  reduction  in  gauge,  which  allows 
economy  in  construction,  and  if  there  be  no  risk  that  heavy 
locomotives  from  neighbouring  railways  will  some  day  come  upon 
the  line  and  injure  the  permanent  way  and  bridges,  the  standard 
gauge,  with  light  rails,  light  engines,  and  moderate  speeds,  may 
be  best.  In  countries  where  a  low  first  cost  is  of  importance, 
and  where  no  great  natural  obstacles  present  themselves,  the 
advantages  of  railway  communication  can,  as  already  stated,  be 
obtained  very  cheaply ;  and  in  regard  to  the  public  convenience,  the 
difference  between  having  no  railway  at  all  and  having  a  light 
railway  is  immensely  greater  than  the  difference  between  having  a 
Railways  in  new   light  railway  and  a  heavy  one.     It  sometimes  happens  in  a  new 

or  half-civilised  country  that  no  public  spirit  or  belief  in  railways 
can  be  aroused  till  one  is  seen  in  actual  operation ;  and  these  also 
are  cases  for  light  lines  and  cheap  first  cost  An  example  of  this  is 
afforded  by  the  experimental  line  constructed  in  China  in  1876, 
and  the  Uganda  (Africa)  railway  in  1896.  But  cheap  construction 
and  equipment  should  not  be  considered  together  with  large  traffic. 
Such  conditions  are  incompatible. 

Narrow-gauge  railways  allow  of  sharp  curves  by  which  the  contour 
lines  of  hills  may  be  followed ;  thus  in  most  cases  avoiding  tunnels, 
large  bridges,  and  heavy  earthworks  which,  with  the  standard  gauge, 
would  be  inevitable.  In  flat  or  gently  undulating  countries,  light 
narrow  gauge  single-line  railways  may  be  constructed  very  cheaply, 
as  the  approximate  prices  given  on  page  68  will  indicate ;  and  such 
railways  can  generally  be  made  to  earn  a  revenue  at  once. 


See  page  60. 
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If  a  railway  is  to  be  made  of  a  gauge  less  than  the  standard,  it  is 
always  desirable  to  choose  some  gauge  already  in  use,  so  as  to  utilise 
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existing  patterns  in  rolling-stock,  and  to  obtain  the  advantage  of 

experience  already  acquired  as  to  design  and  the  proper  proportion    choice  of  gauge. 

of  parts  in  regard  to  the  equipment  of  the  railway.     The  narrow 

gauges  tabulated  on  page  68  are  those  which  for  the  above — among 

other — reasons  are  most  likely  to  be  adopted  for  the  future.     In 

the  following  list  are  enumerated  various  gauges  which  have  been 

adopted  in  different  countries.     The  first  and  some  others  on  the 

list  have  already  been  altered  to  the  standard  gauge.     The  list  is 

not  an  exhaustive  one. 


Gauge. 

ft. 

• 

in- 

7 

oj 

6 

0 

5 

6 

5 

3 

5 

0 

4 

Hi 

4 

9 

4 

a* 

4 

2 

4 

0 

3 

9 

3 

71 

3  « 


3 

3 


8| 

o 


2     6 

2     6 

2     4l 
2      O 

I    lit 

I    10 

I     6 


BronePs  gauge  on  the  Great  Western  Railway  in  England  and  Wales. 

In  the  U.  S.  of  America  (Erie). 

In  Spain,  Portugal,  Canada,  India,  Ceylon,  Chili,  Argent.  Repub. 

In    Ireland,    Brazil,   Victoria,    S.    Australia,    Tasmania    (Launceston), 

N.  Zealand  (Lyttleton). 
In  Ru<^ia ;  U.  S.  of  America  (Southern  States). 
In  Sardinia. 

In  the  U.  S.  of  America  (Pennsylvania). 
{Staftdard   Gauge.")      In    Great    Britain,   France,    Belgium,    Holland, 

Germany,  Austria,  Italy,  Norway,  Denmark,  Sweden,  Switzerland, 

British   India,    Canada,  U.  S.   cf  America,    Peru,    Cape  of  Good 

Hope,  N.  S.  Wales,  Egypt,  Mauritius,  Java. 
South  America  (Carrizal  Ry.   Chili). 
Sweden  (Uddevalla),  India  (Nalhati). 
In  Spain  (Galdames  and  Sestao  Ry.,  Bilbao). 
(I'lom.)      In  Belgium  (Antwerp-(}faent) ;  Light  Railways  in  Belgium, 

France  and  Italy. 
In   Norway,   Sweden,    Spain,    Canada,    Isle    of   Man,    S.    Australia, 

W.  Australia,  Queensland,  N.  Zealand,  Cape  of  Good  Hope,  Natal, 

Tasmania,  Peru,  Chili,  Japan,  Java,  Argentine  Republic. 
{Metre,)     In  France,  Spain,  Brazil,  Indian  State  Rys.,  S.  Indian  Ry. 
In    England    (Ravenglass     Ry.,     Cumberland),     Sweden    (Palsboda), 

U.  S.  of  America  (Denver  and   Rio  Grande),  Guatemala,  Mexico 

(part). 
Wales   (Talyllyn  Ry.)   Southwold,  Sweden  (Kroppa),   Bolivia,    China 

(Experimental  Line). 
(o*75w.)     •* Light  Railways"  in  Belgium,  France,  and  Italy. 
In  Hungary  (Rostoken-MarksdorO. 
In  Venezuela  (Bolivar  Mineral  Ry.)- 
In  Wales  (Festiniog  Ry.)- 
In  Guinness'  Brewery,  Dublin. 
In   the   Locomotive   Factory,    Crewe,    L.    &    N.  W.   Ry. ;   Woolwich 

Arsenal ;  Chatham  Dockyard. 


List  of  gauges 

in  different 

countries. 


Set  Light  Rvs. 
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Littie  railways. 


The  following  may  be  given  as  the  approximate  cost  of  light 
narrow-gauge   railways  (single  line),   including   works  and   rolling- 
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Stock,  but  not  land.  A  moderate  but  sufficient  amount  of  ballast  is 
assumed,  and  more  can  be  added  as  the  traffic  demands  heavier 
engines  or  quicker  speed.  On  English  main  lines  of  standard  gauge, 
with  heavy  trains  running  at  high  speeds^  ballast  20  in.  to  24  in. 
deep  is  provided. 

For  the  gauges  up  to  2  ft.  6  in.,  an  8-ft.  width  of  formation  (A) 
is  assumed ;  ballast  (B)  4  ft  6  in.  wide  and  6  in.  to  9  in.  deep ;  and 
embankments  and  cuttings  averaging  18  in.  For  the  gauges  above 
2  ft.  6  in.  a  lo-ft.  width  of  formation ;  ballast  6  ft.  wide  and  9  in.  to 
14  in.  deep ;  and  embankments  and  cuttings  averaging  2  ft,  are 
assumed. 


Rails  and  Fastenings. 

Gauge. 

Weight  of  Ensines 
exclusive  of  Tender. 

Weight  per 
yard  of  rail. 

Weight  per 
mile  of  single- 
line  Railway. 

Cost  per  Mile. 

ft.     in. 
2     0 

2  6 

3  0 

3    31 
3    6 

Tons. 
6 

9 
12 

20 

25 

Maximum  load 

per  Wheel. 

Tons. 

I 

l\ 

2 

3i 

4 

lbs. 
20 

25 
30 
40 
50 

Tons. 

32 
40 

50 

65 
80 

I            £ 
1250  to  1500 

1500  to  2000 

2000  to  2500 

2500  to  3000 

3000  to  3500 

There  is  no  fixed  proportion  between  the  quantity  of  land  re- 
quired for  a  narrow-gauge,  and  that  for  a  standard-gauge  railway. 
For  instance,  in  the  case  of  cuttings  with  wide  sloping  banks,  it  is 
obvious  that  the  mere  saving  in  width  of  formation  would  bear  but  a 
slight  proportion  to  the  quantity  of  surface  land,  which — whatever 
the  gauge — would  be  required.  Even  in  a  level  country,  narrow- 
gauge  lines  allow  only  a  slight  saving  in  land  ;  the  economy  of  such 
systems  being  rather  in  the  easier  traction  which  the  lighter  rolling- 
stock  reqMires,  and  in  the  sharper  curves,  and  therefore  greater 
choice  ol  route.  A  narrow-gauge  line  allows  an  indirect  saving  also, 
because  by  its  sharper  curves  it  may  more  conveniently  be  made  to 
follow  the  boundary  lines  of  property,  and  so  avoid  the  "  severance  *' 
which — because  of  the  compensation  allowed  to  the  landowners — 
has  proved  so  expensive  in  the  case  of  many  standard-gauge  railways 
in  England. 


The  cost  of  construction  having  been  arrived  at,  there  remain,  in 
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order  to  complete  the  estimate  of  probable  profits,  the  other  points 
stated  on  page  58,  /.  e. — 

11.  The  Expenses  of  Working  and  Maintenance, 

III.  The  Reventu, 

These  may  be  conveniently  taken  together,  and  the  proportion 
which  they  bear  to  each  other  determines  of  course  the  amount  of 
net  profit  which  will  be  available  for  dividends. 

For  the  working  and  maintenance,  there  are  standards  by  which 
to  measure  approximately  the  probable  cost,  but  these  need  qualifi- 
cation. In  England,  for  instance,  the  cost  on  the  principal  main 
trunk  lines  is  from  50  to  60  per  cent  of  the  gross  earnings,  56  per 
cent  being  the  average  of  the  United  Kingdom.  But  through  a 
given  country  yielding  a  certain  amount  of  traffic,  a  railway  100 
miles  long  may  pay  well,  while  a  railway  only  ten  miles  long  in  the 
fame  district,  and  with  all  conditions  but  length  exactly  similar,  may 
not  even  pay  working  expenses.  For  on  each  mile  of  the  shorter 
line  there  will  be  little  if  any  more  than  the  local  traffic  resulting 
from  the  necessities  or  products  of  a  district  ten  miles  long.  But 
on  each  mile  of  the  longer  line,  besides  the  business  of  the  district 
immediately  surrounding  it,  there  is  also  the  through  traffic  of  the 
whole  100  miles ;  the  number  of  stations  between  which  traffic  can 
be  exchanged  being  greater,  and  the  average  distance  hauled,  longer. 
In  other  words,  the  receipts  per  train-mile  will  be  much  larger  on 
the  longer  than  on  the  shorter  railway,  while  the  expense  per  train- 
mile  ought  to  be  less,  because  the  terminal  and  other  station  charges 
bear  a  smaller  proportion  to  the  total  earned  ;  and  the  expenses  of 
equipment  and  working  will  also  be  less,  inasmuch  as  a  less  per- 
centage of  spare  and  idle  stock  is  required,  the  engines  and  men 
having  their  time  more  completely  filled  up. 

There  are  certain  convenient  lengths  of  line  which  allow  of 
economical  working.  From  50  to  80  miles  are  such  lengths  for 
goods  traffic,  because  a  locomotive  can  work  for  this  distance  and 
back  again  in  one  day,  and  so  both  engine  and  men  are  fully 
employed.  Passenger  engines  can  work  from  70  to  120  miles  and 
back  again  per  day,  according  to  speed  and  other  conditions,  but  if 
made  up  of  numerous  short  journeys,  a  total  of  from  100  to  120 
miles  could  only  be  obtained. 

It  costs  a  certain  definite  sum  to  work  a  train  for  a  mile ;  two 
shillings  may  be  taken  as  a  minimum,  and  some  amount  between  two 
and  three  shillings  will  embrace  the  great  proportion  of  all  railway 
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working  for  ordinary  trains  in  England ;  these  sums  including  all 
the  charges  of  the  railway  except  that  of  interest  on  capital.     These 
limits  are,  however,  exceeded  in  the  cases  of  heavy  express-trains 
and  heavy  goods-trains. 
Train-miic  unit  Although   the   "  train-mile  '*  is  the   unit  generally    adopted   in 

unsatisfactory.       «■-«      i       j    /■  *■    i  *-       -i  i  •         •     • 

England  for  statements  of  the  cost  of  railway  workmg,  it  is  not  a 

wholly  satisfactory  unit,  because,  as  the  power  for  working  different 

kinds  of  trains  on  different  gradients  must  obviously  vary  very  much, 

ji-ir  Locomotives,    no  mere  Statement  of  cost  per  train-mile  on  different  railways  will 

pagt  691.  allow  a  proper  comparison,  unless  the  various  circumstances  are 

also  taken  into  account.     Moreover,  the  nominal  distance  run  by 

a  locomotive  is  often  increased  by  the  shunting  at  stations,  and  the 

terminal  service  required,  so  that  on  a  line  with  frequent  stations,  a 

nominal  50  miles  may  equal  a  run  of  70  miles  on  another  railvvay. 

Revenue.  Unless  the  earnings  per  train-mile  exceed  the  cost  of  working, 

the  line  manifestly  cannot  be  remunerative,  however  cheaply  it  may 

have  been  made.     Assuming  that  the  line  can  be  maintained  and 

Working  expenses,  worked  for  50  per  Cent,  of  the  gross  earnings  (and  it  is  seldom  safe 

See  page  (sq,    ;   to  assume  such  favourable  conditions),  the  revenue  which  will  be 

required  to  pay  a  dividend  on  a  certain  capital  expenditure  becomes 

a  simple  matter  of  calculation.     Thus,  in  order  to  pay  a  dividend  of 

Per  mile  per  week.   5  per  cent.  On  a  railway  which  is  to  cost  ;^2,ooo  per  mile,  a  revenue 

of  ^3  17X.  per  mile  per  week  will  be  necessary;  for  a  railway 
costing  ;£^3,ooo  per  mile,  a  revenue  of  ^5  1 5 j.  per  mile  per  week ; 
for  a  railway  costing  ;;^6,ooo  per  mile  a  revenue  of  £^1 1  loj.,  and  so 
on.  Obvious  as  this  may  appear,  it  is  unfortunately  true  that  many 
railways  have  been  constructed  without  sufficient  investigation  before- 
hand into  the  proportion  which  the  revenue  will  bear  to  the  cost  of 
construction  and  working ;  and  however  desirable  it  may  be  to  have 
a  standard-gauge  line,  with  strongly-constructed  works  and  high-class 
accommodation,  the  cost  must  be  brought  to  accord  with  the 
revenue,  unless  there  be  special  reasons  to  justify  a  contrary  course. 
Thus  the  promoters,  who  may  have  contributed  little  to  the  funds 
tor  construction,  and  whose  interest  lies  in  future  profits,  may  be 
saogume  enough  to  expect  a  considerable  growth  of  revenue  when 
the  advantages  afforded  by  the  railway  are  developed,  and  for  this 
reason  may  be  willing  to  commence  with  little  or  no  dividend  ;  or 
the  railway  may  benefit  other  property  in  which  the  promoters  are 
interested,  and  which  may  compensate  for  a  small  dividend  on  the 
capital  in  the  railway.     In  the  latter  case,  ordinary  investors,  who 
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may  have  been  allured  by  the  example  set  them  by  capitalists  thus 
prompted  by  ulterior  motives,  will  find  themselves  disappointed.  It 
is  in  cases  where  advantages  expected  to  accrue  are  indirect  or 
prospective,  that  guarantees  become  necessary  or  State  railways 
expedient.  But  where  the  receipts  do  not  pay  working  expenses, 
even  a  guaranteed  income  fails  to  secure  a  dividend  if  some  of  the 
guarantee  is  spent  to  maintain  the  working. 

The  effect  of  cheap  construction  on  the  after  working  expenses 
has  been  already  alluded  to. 

A  short  branch  line,  on  which  the  working  and  management 
charges  may  be  unavoidably  high,  is  hardly  ever  remunerative  per 
se,  although  as  part  of  a  large  railway  system  it  may  pay,  because  of 
the  traffic  it  takes  to  and  receives  from  the  main  line.  The  future 
prosperity  of  a  new  railway  will  be  found  to  depend  very  much  upon 
whether  it  is  to  form  part  of  a  main  trunk  line,  or  whether  as  a  spur 
or  branch  it  will  never  become  more  than  a  local  line.  In  some 
such  cases  a  break  of  gauge  may  be  justified,  for,  as  capitalists — 
presumably — will  not  provide  money  for  a  standard  gauge  where  a 
sufficient  return  is  impossible,  a  light  narrow-gauge  "feeder"  line 
may  be  constructed,  such  as  are  presently  described  under  the  head 
of  Light  Railways  as  so  common  in  the  continental  countries  of 
Europe. 

The  nature  and  amount  of  the  traffic  to  be  carried  ;  the  gradients 
to  be  overcome ;  the  cost  of  coal  and  wages  ;  and  a  variety  of  other 
circumstances,  technical  and  economical,  determine  the  cost  of 
working.  The  best  resolution  of  the  several  problems  can  only  be 
arrived  at  by  considering  them  together  at  the  outset ;  but  if,  as 
too  frequently  happens,  a  railway  be  made  in  a  certain  way  simply 
because  other  railways  have  been  so  made,  it  may  prove  unsuitable 
and  therefore  unremunerative.  It  is  beside  the  present  purpose,  and 
it  would  be  impossible  here,  to  discuss  all  these  circumstances.  It  is 
only  here  intended  to  emphasise  the  axiom  that  no  fixed  rule  can  be 
laid  down  for  railway  enterprise ;  that  it  is  dangerous  to  calculate  by 
precedent  unless  all  the  circumstances  are  similar ;  and  that  only 
when  possessed  of  the  fullest  local  information  can  those  who  are 
experienced  in  such  matters  advise  as  to  the  best  methods  of  attain- 
ing success. 
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If  a  railway  scheme  is  brought  forward  in  the  nature  of  a  conces-       concessions, 
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generally,  will  more  or  less  apply;  what  follows  here  is  of  special 
application  to  railways.  If  a  contractor  be  asked  to  tender  for  the 
construction  of  a  foreign  railway,  he  will  of  course  examine  the 
country,  either  personally  or  by  his  agents ;  and  able  contractors  will 
be  the  more  willing  to  incur  the  trouble  and  expense  of  such  a  survey 
if  the  preliminary  information  supplied  to  them  be  full  and  explicit. 
If  the  contractors  are  to  be  paid  directly  in  money  for  their  work, 
they  will  only  have  to  satisfy  themselves  that  the  terms  are  remune- 
rative, and  that  those  who  have  to  make  the  stipulated  payments  may 
be  relied  on ;  and  then  to  direct  their  attention  to  the  examination 
of  plans  and  to  the  local  investigation  that  are  necessary  to  a  correct 
Capital  provided    estimate  of  the  cost.     But  it  is  sometimes  the  case  that  concession- 

by  contractors.  .  „       r  ^i 

Stepagts^toi^.     naires  or  contractors  are  required  to  provide  some  or  all  of  the 

capital ;  or  it  may  be  that  the  payments  are  to  be  partly  dependent 
on  or  secured  by  the  revenue.  The  contractors  will  in  such  cases 
require  special  information  as  to  the  financial  merits  of  the  scheme ; 
as  to  the  data  upon  which  the  estimates  of  future  expenses  and 
revenue  have  been  based ;  and  generally  as  to  the  points  which 
have  been  already  suggested  under  the  head  of  concessions.  These 
and  various  other  points  may  now  be  summed  up  and  enumerated 
in  the  following  list ;  and  according  to  the  nature  of  the  case, 
and  the  conditions  under  which  the  works  are  to  be  undertaken, 
some  or  all  will  be  found  to  apply.  It  will  be  seen  that  some  of  the 
information  required  is  purely  local,  and  such  as  can  be  afforded  by 
any  intelligent  person  who  knows  the  country,  while  other  queries 
involve  technical  knowledge  and  a  survey  of  the  route.  Sometimes 
the  capitalists  and  contractors  whose  aid  is  sought  to  constnict  a 
railway,  prefer  to  choose  the  exact  route  themselves,  and  to  employ 
their  own  engineer  to  make  the  plans.  But  even  then  ihey  will  the 
more  readily  undertake  the  expense  of  a  survey  if  the  promoters 
can  furnish  them  with  such  local  information  as  may  guide  them  in 
forming  a  preliminary  and  approximate  estimate  of  expenditure 
and  profit. 
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The  following  list  has  been  made  to  include  the  more  precise 
information  which  must  be  obtained  by  those  concerned  before  an 
actual  contract  can  be  made ;  and  it  would  not  be  all  expected  at 
the  outset  of  an  undertaking : — 

I.  A  general  Map  of  the  country,  showing  existing  railways,  roads, 
canals,  rivers,  and  the  route  proposed  for  the  new  line. 
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2.  The  supposed  Utility  of  the  new  railway,  and  the  reasons 
generally  which  have  suggested  its  construction. 

3.  The  Legal fo7ifers  under  which  the  line  is  to  be  built,  and  the 
nature  of  the  permission  or  concession  granted. 

4.  A  Flan  of  the  line  itself,  showing,  on  a  larger  scale  than  the 
general  map,  the  rivers  and  roads  to  be  crossed,  the  towns  and 
villages  to  be  passed,  and  the  limits  of  deviation  which  the  conces- 
sion allows. 

5.  The  Population  of  the  various  places  on  and  adjacent  to  the 
railway,  and  the  kind  of  trade  or  occupation  in  which  the  inhabitants 
are  engaged.  The  positions  of  factories  and  mills  near  to  the  line  of 
railway  should  be  indicated  on  the  map. 

6.  The  nature  and  amount  of  Traffic  anticipated,  and  the  calcu- 
lations of  revenue  based  thereon.  Some  assistance  in  verifying 
such  calculations  will  be  afforded  by  a  description  of  the  means 
of  transport  already  existing,  and  the  rates  paid  for  freight  and 
l)assengers.  The  importance — even  to  the  contractor — of  estimat- 
ing correctly  the  revenue  expected  from  public  works  is  not 
always  sufficiently  appreciated.  For  instance,  where  a  contractor  is 
to  be  paid  partly  in  money  and  partly  in  obligations,  he  may  deem 
himself  safe,  if  for  the  latter  portion  of  his  payment  he  has  a  first 
charge  on  the  revenue,  which  is  to  be  created  by  an  expenditure  five 
or  ten  times  the  amount  of  his  claim.  But  it  may  happen  that  the 
undertaking  will  only  pay  its  bare  working  expenses ;  and  evidently 
no  degree  of  preference  will  be  of  value  when  the  net  revenue  is  nil. 

7.  Information  as  to  the  traffic  will  of  course  to  a  large  extent 
determine  the  width  of  Gauge,  the  choice  of  a  single  or  double  line, 
the  strength  and  kind  of  works,  and  similar  important  questions. 
If  a  single  or  double  line  has  been  decided  on,  it  should  be  so 
stated,  and  also  the  width  of  gauge.  If,  however,  the  width  of  gauge 
is  left  an  open  question,  any  local  reasons  for  or  against  a  narrow  or 
standard  gauge  should  be  stated.  The  gauge  of  neighbouring  rail- 
ways, or  those  to  which  the  new  line  may  some  day  be  joined,  will, 
in  conjunction  with  the  information  described  in  the  preceding  and 
following  clauses,  have  considerable  weight  in  determining  the 
question. 

8.  A  Section  of  the  line  on  a  large  scale  showing  the  proposed 
gradients,  the  cuttings,  embankments,  tunnels,  and  bridges  required. 
If  any  large  or  expensive  works  of  this  sort  are  needed,  the  plan 
should  indicate  any  alternative  routes  that  are  possible,  so  that  the 
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comparative  advantages  of  various  gradients  involving  greater  or  less 
distances,  and  cheap  or  expensive  works,  may  be  duly  weighed, 
The  preliminary  survey  and  rough  sections  considered  sufficient  in 
the  early  stages  of  a  proposed  new  railway  scheme  in  England  have 
been  already  described. 

9.  Information  as  to  the  nature  of  the  Soil;  the  strata  in  tunnels 
and  cuttings ;  and  an  account  of  the  investigations  or  the  geological 
evidence  on  which  the  facts  adduced  are  based.  In  the  case  of 
tunnels,  the  sections  should  be  made  to  show  clearly  whether  inter- 
mediate shafts  can  be  sunk,  or  whether  excavation  can  proceed  only 
from  the  two  extremities.  This  is  important  both  as  regards  the 
time  to  be  occupied  in  the  works,  and  their  cost.  The  strata  above 
the  tunnel  should  be  described,  and  evidence  supplied  as  to  the 
probable  presence  of  water. 

10.  In  the  case  of  large  or  important  Bridges^  special  information 
should  be  afforded  for  estimating  approximately  the  cost. 

1 1.  An  account  of  the  timber,  stone,  clay,  lime,  ballast,  and  other 
Materials  that  are  to  be  obtained  in  the  neighbourhood  of  the  railway, 
and  at  what  cost.  The  suitability  of  the  timber  for  bridges,  piles, 
staging,  and  sleepers  is  an  important  point  to  be  noticed,  and  if 
railways  already  exist  in  the  country,  the  system  of  permanent-way 
which  has  been  established  or  which  is  deemed  best  should  be 
described.  A  description  of  the  horses  or  other  beasts  of  burden 
which  are  obtainable,  and  their  cost,  together  with  that  of  forage. 
The  kinds  of  coal  or  other  fuel,  and  the  water,  that  will  be  avail- 
able for  locomotives ;  the  places  where  they  are  to  be  found,  in  what 
quantity,  and  at  what  cost. 

12.  The  facilities  for  landing  and  Transporting  mzlmaXs  that  may 
have  to  be  imported ;  the  dues,  import  duties,  or  taxes  that  may  have 
to  be  paid. 

13.  The  nature  of  the  Climate,  and  its  effect  upon  health;  the 
restrictions  which  it  imposes  upon  the  hours  of  labour ;  the  destructive 
effects  (if  any)  it  may  have  upon  timber  and  other  materials.  Heavy, 
frequent,  or  incessant  rains ;  liability  to  earthquakes,  floods,  hurricanes, 
frosts,  and  snowstorms,  also  come  under  this  head.  Continual  or 
frequent  moisture,  whirh  would,  by  making  the  rails  slippery,  reduce 
the  adhesion  and  tractive  force  of  locomotives,  is  an  important  inci- 
dent, especially  where  there  are  steep  gradients. 

14.  The  kind  of  IVbrkmen  that  are  to  be  obtained  in  the  country, 
or  in  adjacent  countries,  and  whether  sub-contractors  are  to  be  found 
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who  can  execute  portions  of  the  work.  In  localities  where  the  wages 
are  low,  it  is  sometimes  assumed  that  works  can  be  very  cheaply 
executed,  but  as  a  general  rule  it  will  be  found  that  whatever  the 
nominal  wages  for  unskilled  labour  may  be,  the  real  cost,  as  measured 
by  the  work  executed,  is  about  the  same  everywhere. 

15.  The  conditions  upon  which  the  Land  has  been  or  is  to  be 
acquired,  and  whether  the  railway  project  is  popular  or  otherwise 
among  the  landowners.  If  the  land  is  to  be  given  gratis,  the  areas 
— including  surplus  lands — should  be  stated.  If  the  land  has  to  be 
paid  for  by  the  contractors,  and  if  the  trouble  and  expense  of  ejq)ro- 
priation  are  not  to  be  borne  by  the  promoter,  very  trustworthy  and 
exact  information  must  be  supplied  as  to  the  prices ;  the  certainty 
of  obtaining  immediate  possession ;  and  as  to  whether,  and  how  far, 
shares  or  obligations  of  the  railway  will  be  accepted  in  payment. 

16.  The  conditions,  if  any,  that  have  been  made  by  the 
authorities  who  grant  the  concession  as  to  the  Kind  of  works^  width 
of  gauge,  gradients,  engines,  weight  of  rails,  length  of  sidings,  number 
and  kind  of  station-buildings,  and  amount  of  rolling-stock.  It  is  on 
these  points  that  differences  of  opinion  often  arise.  If  these  matters 
are  not  adjusted  beforehand  by  persons  of  experience,  difficulties 
and  disputes  are  almost  sure  to  occur  before  the  final  settlement. 
It  not  unfrequently  happens  that  those  in  a  country  or  district  who, 
perhaps,  may  have  to  bear  a  share  of  the  cost,  offer  impossible 
conditions.  They  require  everything  of  the  best,  a  wide  gauge, 
easy  gradients,  heavy  rails,  strongly-constructed  works,  and  perfect 
equipment,  and,  at  the  same  time,  assume  as  sufficient  a  price 
entirely  inadequate.  In  some  such  cases,  the  cost  of  a  neighbouring 
line  is  quoted  as  a  precedent,  though  the  conditions  may  be  very 
different  In  other  such  cases,  the  preliminary  estimate  of  cost  is 
based  upon  the  report  of  some  official  or  friendly  engineers,  who 
having  themselves  no  risk,  look  at  everything  from  the  brightest 
possible  point  of  view.  A  contractor,  on  the  other  hand,  has  to 
provide  against  contingencies  which  he  knows  from  experience  are 
almost  sure  to  occur. 

17.  The  terms  on  which  Interchange  of  traffic  will,  or  may  be, 
carried  on  with  adjoining  railways  should  be  stated,  for  if  left 
unsettled  till  the  new  line  be  made,  a  previously  existing  railway 
company,  having  the  comnxand  of  important  accommodation,  may 
make  terras  onerous  enough  to  absorb  the  profits  of  the  new 
railway.     Where  the  material  and  plant  for  a  new  railway  have  to 
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be  carried  over  existing  lines,  it  is  necessary  to  arrange  the  rates  of 
carriage. 

18.  Reference  has  been  made  to  some  different  modes  of 
payment.  The  periods  and  amounts  of  the  payments  are  important 
points  for  the  consideration  of  contractors.  It  is  usual  to  retain  a 
certain  percentage  of  the  agreed  payments  until  the  whole  of  the 
works  are  completed ;  but  where  the  total  amount  of  the  contract  ia 
large,  and  the  works  will  occupy  a  long  time,  it  is  not  unusual  to 
limit  the  retention  to  a  certain  sum,  beyond  which  the  payments 
are  to  be  made  in  full.  Where  more  money  is  retained  than  is 
necessary  for  this  purpose  of  security,  it  is  really  at  the  expense  of 
the  buyer,  as  the  contractor  will  naturally  recoup  himself  by  higher 
charges  for  his  loss  of  interest,  which  will  probably  be  greater  than 
that  which  will  be  gained  by  the  buyer  who  holds  back  the  money. 

The  more  detailed  information  which  is  required  for  deciding 
upon  the  description,  and  for  estimating  the  cost,  of  permanent-way 
and  the  other  equipment  of  a  railway,  will  be  found  in  later  chapters. 
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Before  leaving  the  subject  of  the  present  chapter,  it  may  be 
convenient  to  refer  to  what  are  known  as  Light  Railways,  which 
differ  in  many  important  ways  from  those  hitherto  described.  Very 
few  lines  have  been  made  in  Great  Britain  which  can  come  under 
this  designation,  and  the  experience  gained  in  regard  to  them  has 
been  mainly  in  foreign  countries.  The  great  need  for  cheaper  inter- 
communication than  the  British  system  allows,  and  the  obtaining  of 
statutory  powers  by  less  elaborate  methods,  induced  Parliament  to 
pass  the  Light  Railways  Act,  1896,  which  grants  certain  facilities. 
No  definition  is  given  by  the  Act  of  what  constitutes  a  light  railway, 
but  the  Board  of  Trade  appears  to  be  the  Authority  on  the  subject, 
and  an  "Order"  confirmed  by  the  Board  may  be  deemed  equivalent 
to  an  Act  of  Parliament 

Previous  legislation  also  serves  as  a  precedent.  The  Regulation 
of  Railways  Act,  1868,  contains  provisions  enabling  the  Board  of 
Trade  to  grant  licenses  for  light  railways  on  which  no  greater  load 
than  8  tons  on  a  pair  of  wheels  shall  be  imposed,  and  no  greater 
speed  than  25  miles  an  hour.  This  did  not,  however,  touch  the 
real  question  of  light  railways  as  described  here ;  the  powers  were 
not  availed  of  and  had  no  useful  effect.  The  Tramways  (Ireland) 
Act,  1 88 1,  permitted  steam  tramways  to  run  on  the  high  roads  at  a 
speed  not  exceeding  12  miles  an  hour,  and  though  these  rules  if 
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extended  to  England  would  have  supplied  the  necessary  want, 
nothing  was  done  till  the  Light  Railways  Act  of  1896,  which  points, 
so  far  as  its  intention  can  be  seen,  to  other  methods.  The  word 
"railway"  has  been  deemed  to  mean  a  line  constructed  with 
cuttings,  embankments  and  bridges,  and  differing  from  ordinary 
lines  only  in  the  lighter  construction  and  lighter  rolling-stock. 
Powers  are  given  to  local  authorities  to  advance  money,  and  also 
for  the  Treasury  to  lend  to  an  extent  not  exceeding  one-fourth  of 
the  estimated  outlay.  Until  a  wider  interpretation  is  put  upon  this 
Act  than  occurred  in  the  years  immediately  following  the  enactment, 
and  an  entirely  different  kind  of  railed  track  adopted,  the  systems  so 
usefully  applied  in  other  countries  will  not  be  introduced,  and  it  is 
to  these  that  attention  is  now  directed.  By  the  designation  of 
**  light  railways"  is  here  meant  lines  mostly  of  a  gauge  narrower  than 
the  standard  gauge,  laid  along  the  high  roads  and  serving  for  the 
local  traffic. 

In  most  cases  these  are  subordinate  lines  starting  from  a  station 
on  an  ordinary  railroad,  and  frequently  also  having  their  other 
terminus  at  a  railway  station  or  port  It  is  essential  in  these 
subordinate  lines  that  they  shall  be  lighter  and  cheaper  than 
ordinary  railroads ;  that  the  ordinary  rules  of  the  latter  concerning 
constiiiction  and  equipment  should  be  relaxed,  and  that  moderate 
speeds  only  should  be  attempted  Tramways  are  dealt  with  in 
another  chapter,  but  the  difference  between  a  Railway  and  a  Tram- 
way, though  generally  evident  and  well  understood,  is  in  some  cases 
very  slight  and  is  a  mere  matter  of  nomenclature.  Tramway  is  the 
name  given  generally  to  street  **  rail  ''-ways,  for  omnibus  traffic  and 
to  narrow-gauge  lines  at  mines  and  public  works.  Or  the  name  of 
tramway  may  be  given  to  any  of  these  lines  when  they  are  laid  on 
the  high  roads,  and  the  name  of  railway  given  when  laid  on  a  road 
specially  constructed  across  country  with  the  gradients  made  as  level 
as  possible  by  cuttings,  embankments  and  bridges.  But  another 
essential  difference  is  that  between  the  raised  rail,  which  is  best  for 
the  movement  of  flanged  wheels,  and  the  grooved  rail  flush  with  the 
surface,  which  is  less  convenient  for  flanged  wheels,  but  which  is 
enforced — as  in  town  streets — where  the  convenient  movement  of 
ordinary  vehicles  is  the  first  consideration.  According  to  this 
classification  the  "  Light  Railways,"  which  have  become  common 
in  Europe,  may  be  placed  among  railways  and  are  so  dealt  with 
here^   although  they  are   often   continuations  of  town  tram-lines. 
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But,  except  in  the  urban  portion,  they  have  raised  rails,  and  are 
generally  worked  with  steam  or  electric  motors.  Such  lines  have 
proved  highly  successful  in  Italy,  Holland,  France,  Belgium  and 
elsewhere,  but  in  Great  Britain  the  objection  to  raised  rails  and 
to  the  use  of  locomotives  on  the  public  roads  has  delayed  the 
adoption  of  this  kind  of  railway. 

The  cost  of  a  railroad  made  in  the  ordinary  manner  is  often 
prohibitive  even  where  the  needs  of  the  locality  demand  it,  and 
the  main  feature  v/hich  brings  the  cost  within  remunerative  limits 
is  primarily  the  free  use  of  the  public  highways  and  the  omission 
of  special  earthworks ;  additional  strips  of  land  being  hired  or  pur- 
chased where  necessary  for  passing  places.  The  other  economies 
are  in  the  light  permanent-way,  which  is  sufficient  for  the  rolling 
loads,  the  absence  of  fencing,  signals — except  at  or  near  the  terminal 
stations — and  the  omission  of  station  buildings,  except  in  large 
villages,  and  there  only  making  them  of  the  simplest  kind.  As 
the  ordinary  bridges  of  the  highway  are  made  use  of,  special 
structures  are  seldom  required,  but  both  in  regard  to  these  and  to 
the  gradients  the  construction  of  a  railway  may  be  made  the  occasion 
for  levelling  off  and  filling  up  inequalities  where  these  improvements 
are  equally  advantageous  to  the  ordinary  traffic  as  to  that  of  the 
new  line.  In  return  for  the  special  relaxations  from  ordinary  railway 
rules,  the  rolling-stock  must  be  within  certain  limits  of  weights  and 
size  so  as  not  to  damage  the  road  and  bridges,  and  the  speed  con- 
fined to  a  rate  of  about  ten  miles  per  hour,  with  an  occasional  lati- 
tude up  to  a  maximum  of  fifteen  miles  on  straight  little-frequented 
roads. 

The  question  of  gauge  is,  of  course,  a  preliminary  point  of 
importance.  In  Italy,  some  of  the  lines  are  of  standard  gauge ;  but 
there,  as  also  in  the  other  countries  mentioned,  a  narrower  gauge  is 
adopted,  one  metre  and  even  0*75  metre  (2  ft.  6  in.)  being  usual 
dimensions.  Obviously  in  introducing  these  light  railways  for  the 
first  time,  a  standard  should  be  established  and  uniformity  ensured ; 
but,  in  the  choice  of  gauge,  circumstances  have  to  be  considered  of 
an  entirely  different  kind  to  those  which  determine  the  choice  of 
ordinary  railways.  On  the  latter,  the  uniformity  of  the  standard 
gauge  is  obviously  the  best;  but  on  light  railways  constructed  on 
public  roads,  such  a  gauge  may  be  an  actual  disadvantage.  It  must 
be  borne  in  mind  that  light  railways  are  supplementary  to  and  not 
instead  of  ordinary  lines,  and  the  latter  will  have  to  be  built  when- 
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ever  the  traffic  calls  for  it.  Leaving  aside  engiteering  questions,  the 
only  advantage  of  uniformity  is  the  use  of  the  same  rolling-stock  and 
the  avoiding  of  transhipment.  But  the  ordinary  rolling-stock  on 
main  lines  is  necessarily  made  strong  and  heavy ;  it  would,  if  used 
on  subsidiary  roads,  involve  a  strength  of  track  and  expense  which 
it  is  desired  to  avoid  ;  and  the  wheel-base  of  such  heavy  wagons  may 
be  unsuitable  for  the  sharp  curves  of  the  subsidiary  railway.  And  as 
the  lighter  rolling-stock  and  locomotives  which  might  suffice  for  the 
light  railway  would  be  quite  unsuitable  for  the  main  line,  tranship- 
ment becomes  necessary.  The  cost  and  trouble  are  minimised  by 
the  use  of  crates,  boxes,  cages  or  baskets  of  a  size  having  a  direct 
relation  to  the  dimensions  of  the  main-line  rolling-stock.  Even  for 
such  rough  goods  as  bricks,  coal,  lime  or  manure,  the  body  of  the 
small  wagon  may  be  lifted  at  the  transhipment  station  on  to  the  main 
line  wagon  without  any  handling  of  the  contents,  and  two  or  more  of 
such  "  bodies  "  A  afford  a  complete  load  B.  And  the  smaller  baskets 
or  crates  used  for  fish  or  farm  produce  can  be  even  more  easily  dealt 
with.  It  is  by  such  convenient  arrangement  that  produce  from 
Holland  and  France  is  not  only  carried  cheaply  to  local  markets, 
but  can  be  brought  on  the  light  railway,  transhipped  to  a  main  line 
station,  thence  carried  to  the  export  steamer,  and  on  landing  con- 
veyed by  railway  more  cheaply  than  can  English  produce  on  English 
railways,  because  the  various  carrying  companies  are  able  to  handle 
the  foreign  packages  in  a  quick  uniform  manner  and  on  a  larger 
scale  than  in  small  lots  of  different  size  and  shape. 

The  regulations  for  narrow-gauge  light  railways  differ  in  the 
various  countries  where  they  have  been  adopted.  The  width  of 
road  surface  abstracted  is  that  occupied  by  the  rails,  or  from  3  ft. 
to  5  ft,  the  track  being  laid  at  the  side  of  the  road,  except  in 
passing  through  streets,  when  the  track  may  be  laid  in  the  centre. 
The  ordinary  macadam  being  broken  up  for  a  width  of  about  7  ft, 
a  layer  of  4  to  6  inches  of  gravel  or  ballast  is  laid,  on  which 
the  sleepers  can  be  bedded  flush  with  the  road.  Cross  sleepers 
and  flanged  rails  are  universally  used,  and  not  the  English  double- 
head  rail  on  cast-iron  chairs.  It  is  not  advisable  to  have  rails  weigh- 
ing less  than  35  lb.  or  40  lb.  the  yard.  In  passing  through  villages 
having  paved  streets,  guard  rails  laid  flush  with  the  surface  may  be 
used  so  as  to  present  no  obstruction  to  ordinary  vehicles. 

In  Belgium  a  network  of  narrow-gauge  railways  has  been  esta- 
blished over  the  whole  country,  and  so  distinct  are  these  lines  from 
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the  main  railways  tlfat  a  standard  ntUre  gauge  has  been  virtually 
established  for  them,  although  on  some  of  the  lines  which  connect 
with  those  in  Holland,  the  Dutch  narrow  gauge  of  i  •  lo  metres  has 
been  adopted.  The  cost  of  these  Belgian  railways  has  ranged  from 
;;^i,ioo  to  ;£'4,soo  per  mile,  and  the  working  expenses  from  50  per 
cent,  to  113  per  cent,  of  the  receipts. 

In  regard  to  traction,  horses  or  mules  may  sometimes  be  used 
in  countries  like  Argentina,  where  the  roads  are  level,  fodder  cheap, 
and  fuel  dear,  but  in  the  great  majority  of  cases  traction  by  loco- 
motives is  essential  to  success.  Such  locomotives  may  derive  their 
power  from  steam  boilers  as  on  ordinary  railways,  or  may  work  as 
oil  engines  or  from  electricity  generated  at  stations  along  the  line 
and  conveye.d  by  overhead  wires.  In  France  the  Decauville  loco- 
motive is  successfully  employed,  the  whole  weight  of  the  engine 
being  available  for  adhesion  without  excessive  weight  on  any  one 
axle,  and  without  the  rigid  wheel-base  which  would  be  necessary  if 
coupled  wheels  were  employed. 

In  Great  Britain,  and  generally  also  in  Europe,  ordinary  railways 
have  been  constructed  by  private  enterprise  and  capital,  though 
with  State  sanction  and  under  State  restriction.  But  as  the  object 
of  light  railways  of  the  kind  here  described  is  to  provide  increased 
facilities  for  transport  in  districts  where  the  prospects  of  profit  are 
uncertain.  State  aid  in  some  shape  is  often  an  essential  condition. 
Such  aid,  however,  is  seldom  granted  except  as  a  supplement 
to  local  enterprise,  for  a  community  directly  interested  in  the 
prosperity  of  a  line  and  directly  taxed  for  it  is  more  likely  to 
abstain  from  extravagant  or  non -remunerative  projects  than  where 
everything  is  provided  from  public  funds.  The  absence  of  such 
conditions  is  the  main  cause  why  the  light  railways  in  France  have 
been  financially  unsuccessful.  In  France,  State  loans  were  granted 
so  liberally  and  with  such  remote  terms  of  repayment,  that  advantage 
was  taken  to  make  lines  profitable  rather  to  the  promoters,  land- 
owners and  contractors,  than  to  the  community.  There  are  various 
combinations  p)ossible.  In  some  cases  the  State,  in  return  for  the 
permanent  free  carriage  of  mails  and  other  privileges,  will  capitalise 
its  payment  for  such  service,  and  so  contribute  a  portion  of  the 
funds.  The  local  community  may  be  able  to  afford  a  second  portion 
and  be  content  to  stand  by  and  receive  interest  only  after  payment 
of  a  preferential  interest  to  shareholders  or  contractors,  who  are 
induced  to  furnish  the  remaining  capital  on  having  the  first  claim  on 
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the  revenue.  In  other  cases  the  whole  funds  may  be  obtained  by 
loans  raised  on  the  credit  of  the  district  concerned.  In  Great  Britain 
it  has  been  unusual  to  contribute  national  funds,  or  even  to  give  any 
material  guarantee  to  loans  for  local  public  works,  although  the 
sanction  of  the  legibliture  to  the  pledging  of  local  rates  has  been 
accepted  by  investors  as  an  almost  equal  security,  because  the 
raising  of  rates  for  the  due  payment  of  obligations  can  be  enforced 
by  law.  But  the  great  depression  of  agricultural  interests  in  Great 
Britain  and  the  amelioration  expected  from  cheapened  transport  have 
caused  a  demand  for  State  aid  which  may  induce  a  relaxation  of  the 
strict  rules  that  have  hitherto  prevailed,  and  allow  of  contributions 
from  the  State  as  permitted  by  the  Light  Railways  Act. 

In  propounding  a  scheme  for  light  railways,  the  particulars  on  Basis  for  scheme 
which  a  financial  and  engineering  project  may  be  based  differ  some- 
what from  those  already  enumerated  for  ordinary  railways.     Those 
given  for  tramways  may  be  considered  in  conjunction,  as  well  as  the 
following  special  points  : — 

An  exact  survey  of  the  roads,  giving  the  width  along  the  route 
and  indicating  where  additional  land  w^ill  be  necessary. 

The  contours  of  the  existing  roads,  including  the  bridge  approaches, 
showing  where  the  gradients  may  be  improved,  and  occasional  cross 
sections  showing  the  road  formation,  fences  and  ditches. 

Plans  of  the  villages  traversed,  showing  where  stopping  and  cross- 
ing places  may  be  conveniently  located  and  covered  sheds  erected. 

The  proposed  terminal  quays  or  stations  should  be  fully  de- 
scribed. It  is  desirable  to  make  these  alongside  the  quays  or 
wharfs  of  existing  railways  or  canals,  so  as  to  facilitate  an  exchange 
of  traffic  by  transhipment.  Facilities  for  such  connections  on 
mutually  favourable  terms,  should  be  obtained  and  legally  confirmed 
as  an  essential  part  of  any  new  project. 

Where  light  railways  as  here  described  are  constructed  on  the 
public  roads,  landowners  or  occupiers  along  the  route  may  lay 
branch  lines  into  the  lands  they  occupy. 


Survey. 


Branch  lines. 


[&3fa/fe?  Parliamentary  Procedure:  Concessions:  Bridges: 
Tramways  :  Railway  Equipment  :  Rolling-Stock.] 


CHAPTER   V. 

TELEGRAPHS.     LAND  LINES.     UNDERGROUND  WIRES, 
PNEUMATIC   TUBES.      SUBMARINE  CABLES.     TELEPHONES. 

Telegraphy,  or  the  use  of 
signals  for  transmitting  in- 
telligence from  place  to 
place,  has  existed  from  an- 
cient times  in  almost  all 
countries,  and  the  methods 
employed  were  brought  to 
a  high  degree  of  perfection 
in  England  during  the  long 
French  war  which  ended 
at  Waterloo.  By  means  of 
semaphore  and  shutter  tele- 
graphs the  Government  in 

lunication  with  the  principal 

outports;  and,  as  simple  messages  could  be  sent  from  London  to 
Portsmouth  in  five  minutes,  such  facilities  were,  during  times  of 
war  and  threatened  invasion,  of  great  value.  Such  a  method  of 
communication  was,  however,  limited  to  daylight,  and  was  liable  to 
be  stopped  by  fog.  Semaphore  telegraphs  are  still  used  for  military 
purposes,  and  are  useful  for  signalling  across  liarboui-s  or  rivers,  or 
to  and  from  ships  at  sea.  The  codes  of  signals  have  been  improved 
and  simplified,  and  can  be  and  arc  arranged  so  that  the  same  system 
can  be  adapted  to  night-signalling  by  lanterns  or  flashes  of  tight 
Indeed,  the  electric  telegraph  code  of  Morse  is  only  an  application 
of  the  same  principle  ;  as  also  are  the  various  military  and  naval 
codes  by  flags,  lanterns  and  light-flashes. 

After  the  establishment  of  railways  in  1830,  the  application  of 
electricity  to  telegraphy — which  followed  in  1837 — formed  an  impor- 
tant adjunct  to  the  earlier  enterprise,  though  the  facilities  afibrded 
by  the  electric  telegraph  to  the  safety,  management  and  extension 
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of  railways  have  not  always  been  sufficiently  appreciated.  For  some 
time  after  1837  the  new  telegraphs  were  confined  almost  entirely  to 
the  lines  of  railway,  and  the  two  undertakings  became  intimately 
associated  in  the  public  mind  The  demand  for  telegraphs  in  all 
parts  of  the  world,  and  their  rapid  extension,  having  necessarily 
directed  the  attention  of  many  minds  to  the  subject,  continuous 
and  valuable  improvements  have  taken  place,  the  great  variety  of 
conditions  under  which  telegraph  lines  are  constructed  having  taxed 
to  the  utmost  the  ingenuity  of  those  concerned.  It  would  appear  as 
xi  every  possible  combination  of  circumstance  and  difficulty  must 
have  been  encountered ;  but  new  cases  are  ever  arising  which 
demand  new  treatment.  The  improvements  that  have  taken  place 
are  mainly  in  matters  of  detail  \  but  telegraphs  are  essentially  com- 
posed of  details,  and  every  fresh  experience,  however  small,  has  had 
its  value  for  the  future. 

The  United  States  are  the  only  great  country  where  the  telegraphs 
are  still  owned  and  controlled  by  private  companies,  the  transfer  of 
the  lines  to  the  Government  having  been  successfully  opposed  mainly 
for  political  reasons.  And  while  in  many  of  the  poorer  and  less 
advanced  countries  the  telegraphs  are  still  in  private  hands,  there  is 
a  tendency  towards  absorption  into  the  postal  service.  Only  under 
such  management  can  a  uniform  tariff  be  equitably  arranged  and 
extensions  made  into  new  districts  where  the  traffic  would  not  at 
first  be  sufficiently  remunerative  to  capitalists  as  a  separate  under- 
taking. A  Government,  however,  having  the  security  of  a  permanent 
monopoly  may  wisely  venture  on  such  extensions  for  the  general 
good  of  the  community. 

But  although  owned  and  controlled  by  the  government  of  a 
country,  the  construction  and  equipment  are  mainly  performed  by 
private  firms,  who  therefore  look  rather  to  the  contractor's  profit 
than  to  any  financial  success  in  the  working  of  the  line.  There  are 
still,  however,  also  cases  where  private  companies  own  and  manage 
the  lines,  and  it  is  to  both  these  that  attention  is  now  directed. 

The  construction  of  telegraphs  in  a  new  country  is  an  enterprise 
of  a  speculative  kind,  because  it  offers  to  the  community  a  conve- 
nience rather  than  a  necessity  :  but  in  many  cases  the  supply  creates 
the  demand.  Where  one  merchant  obtains  early  intelligence,  com- 
petition obliges  all  to  follow  the  example  :  and  public  opinion  leaves 
the  newspaper-press  no  alternative  but  to  obtain  the  most  recent 
news.    The  proprietors  of  a  land  line  can  afford  to  wait  for  increased 
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traffic,  because,  if  properly  constructed,  the  cost  of  its  maintenance 
is  small.  Of  course,  much  depends  on  the  proportion  which  the 
capital  bears  to  the  possible  returns.  If  the  mercantile  community 
be  small  or  poor,  or  the  line  long  or  otherwise  expensive,  a  fair 
return  can  hardly  be  expected ;  for,  with  small  traffic,  the  rates,  to 
be  remunerative,  must  be  high,  and  the  line  will  be  seldom  used 
except  in  cases  of  emergency.  In  cases  where  the  return  to  be 
expected  is  thus  doubtful,  capitalists  will  require  something  more 
than  mere  permission  to  induce  them  to  embark  in  the  enterprise ; 
and  assistance  or  encouragement  must  be  afforded  them,  in  the 
shape  of  monopoly,  guarantee,  subsidy,  or  otherwise.  But  whatever 
be  the  nature  of  the  assistance  thus  rendered  by  the  Government  of  a 
country,  it  is,  in  almost  all  cases,  important  for  a  telegraph  company 
to  obtain  rights  of  way  for  the  erection  of  the  poles,  and  to  secure 
protection  of  the  line  by  Government  decrees. 

Where  capitalists  combine  to  construct  land  telegraphs,  it  is 
generally  through  the  medium  of  a  joint-stock  company,  and  on  the 
basis  of  estimates  furnished  by  engineers  and  contractors  who  have 
surveyed  the  line.  The  kind  of  information  necessary  to  such  esti- 
mates is  described  farther  on.  But  whatever  the  particular  circum- 
stances, a  Government  will  generally  grant  to  the  constructors 
facilities  or  immunities  of  the  kind  already  mentioned  for  railways  ; 
and  will  themselves  take  precautions  for  the  protection  of  the  line 
when  finished.  As,  for  the  maintenance  and  working  of  telegraphs, 
a  special  technical  knowledge  is  required,  which,  though  readily 
acquired  under  tuition,  is  not  easily  procurable  in  countries  where 
few  or  no  previous  telegraphs  exist,  it  is  often  stipulated,  even  where 
the  line  is  to  be  taken  over  by  the  Government,  that  the  contractors 
shall  not  only  maintain  the  line  in  good  condition  for  a  certain 
period,  but  shall  for  a  short  time  actually  work  the  line  and  instruct 
the  officials  in  their  new  duties. 

Telegraph  contractors  in  England  will  not  undertake  to  erect 
very  short  lines  in  distant  countries,  except  at  a  disproportionately 
high  cost,  as  there  is  otherwise  nothing  to  repay  them  for  risks  and 
general  expenses  which  must,  even  in  short  lines,  be  incurred. 
Cases  of  this  sort  come  within  the  category  of  undertakings  which 
are  too  small ;  and  such  lines  should  be  erected  by  local  contractors, 
or  under  the  superintendence  of  local  engineers. 

In  the  construction  of  telegraphs  the  functions  of  the  electrician 
are  to  a  large  extent  absorbed  in  those  of  the  engineer ;  and  those 


Part  L] 


Telegraphs, 


85 


who  devote  themselves  to  such  undertakings  are  classed  as  Telegraph 
Engineers.  Some  of  the  principal  land  lines  of  the  world  have  been 
laid  in  the  face  of  almost  insuperable  obstacles,  and  pre-eminent 
among  such  lines  are  the  Indo-European;  the  Great  Northern  of 
Russia ;  the  line  north  to  south  across  Australia ;  the  Transandine 
line  from  Buenos  Ayres  to  Valparaiso,  through  the  Pampas,  and 
across  the  snow-  region  of  the  Andes ;  and,  at  a  later  date,  the  line 
from  Srinagar  in  Kashmir  to  Gilgit. 

The  construction  of  the  land  lines  between  England  and  India 
may  be  specially  cited  as  conspicuous  feats  of  modern  enterpiise. 
The  difficulties  were  so  numerous  and  varied  as  to  demand,  besides 
the  skill  of  the  electrician  and  the  resources  of  the  engineer,  the 
perseverance  of  the  explorer  and  the  astuteness  of  the  politician. 
The  physical  difficulties  were  great :  deserts  had  to  be  crossed,  wide 
rivers  spanned,  and  mountain  ranges  surmounted.  Intense  heat  in 
one  part  of  the  route  rendered  work  almost  unbearable ;  extreme 
cold  in  other  districts  buried  poles  and  wires  for  miles  in  snow : 
heavy  rains  rendered  insulation  almost  impossible ;  while  the  poles 
were  destroyed  by  beasts  and  vermin.  The  local  opposition  was  of 
the  most  aggravating  kind  ;  for  not  only  were  there  avowed  enemies 
who  had  to  be  conquered,  but  mischievous  natives  who  obstructed 
the  work  in  various  ways.  When  at  last,  after  recourse  to' punish- 
ment, cajolery  and  bribes,  the  line  was  completed,  and  its  mainten- 
ance ensured,  political  or  national  jealousy  of  the  European  servants, 
and  the  consequent  employment  of  inert  and  incapable  natives, 
rendered  a  regular  service  impossible. 

Thus  hindered,  messages  from  England  to  India,  for  some  time 
after  the  completion  of  the  telegraph,  took  from  four  to  ten  days  in 
passing.  So  successful,  however,  were  the  combined  efforts  of  those 
concerned,  and  so  completely  were  all  difficulties  conquered,  that 
the  time  occupied  in  the  transmission  of  through  messages  from 
London,  vi&  Germany,  Russia,  Persia,  thence  by  cable  through  the 
Indian  Ocean  to  Kurrachee,  and  by  long  land  lines  to  Calcutta,  was 
brought  down  to  an  average  of  ninety  minutes. 
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The  principal  materials  employed  for  land  lines  are  the  Poles, 
the  Insulators,  and  the  Wire.  In  England,  wood  poles  are  generally 
used — ^larch,  Memel  fir,  and  Norway  red  fir  being  the  sorts  best 
for  the  purpose.  But  wooden  poles  decay,  their  term  of  endurance 
depending  upon  their  quality,  on  the  skill  with  which  they  have  been 
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selected  and  prepared,  and  on  the  climate  and  soil  to  which  they 
are  exposed. 

In  England,  native  larch  is  occasionally  obtainable ;  but  the  great 
bulk  of  the  poles  for  telegraphs  are  imported  from  the  Baltic  timber 
countries.  The  poles  selected  for  this  purpose  range  from  25  ft.  to 
40  ft.  in  length ;  although,  for  single-wire  lines,  poles  even  shorter 
than  25  ft,  and  for  special  purposes  long  poles  of  from  50  to  80  ft. 
and  spliced  poles  of  even  90  ft,  are  sometimes  employed.  The  cost 
Cost  of  of  wooden  poles,  as  delivered  from  the  ship  in  England,  is  stated  at 

per  lineal  foot,  the  prices  ranging  from  about  3^.  per  foot  for  poles 
25  ft  long  and  5  in.  diameter  at  the  top,  to  about  7^.  per  foot  for 
poles  40  ft.  long  and  6  in.  diameter  at  the  top.  These  prices  are 
equivalent  to  about  u.  dd,  per  cubic  foot,  or  75J'.  per  load  of  50  ft ; 
and,  at  this  rate,  the  poles  vary  in  price  from  6j.  to  22s.  each.  One 
"load"  weighs  about  i  ton,  and  measures  about  \\  tons  for  freight 
After  the  poles  arrive  in  England,  and — if  for  exportation — before 

Poles  chemically    they  are  re-shipped,  they  are  generally  creosoted,  burnetised,  boucher- 

ised,  or  in  some  analogous  way  prepared  to  resist  moisture  and  de- 
cay, this  treatment  adding  from  4^.  to  (xL  per  cubic  foot  to  their 
cost  Sometimes — especially  for  native  poles  in  foreign  countries 
where  the  above  chemical  processes  cannot  be  applied — the  ends 
Charred  ends,     which  are  to  be  inserted  in  the  ground  are  merely  charred.     For 

countries  where  native-grown  poles  are  not  obtainable,  or  where, 
because  of  climate  or  destructive  insects,  wood  is  useless,  iron  or 
steel  poles  sent  from  England  are  generally  used :  such  poles  are 
also  preferable,  because  of  their  strength  to  resist  hurricanes,  and 
because  of  the  facility  they  afford  for  transport  in  pieces.  The  poles 
Iron  poles.  are  made  in  a  variety  of  ways ;  sometimes  with  cast-iron  bases  and 
with  the  upper  part  of  wrought-iron  or  steel  tubes,  the  choice  of 
design  depending  on  the  length  of  span,  the  number  of  wires,  the 
strength  of  the  wind,  and  the  exigencies  of  transport.  Climate,  also, 
and  contiguity  of  the  sea,  affect  cast  and  wrought  iron  differently. 

Division  of  poles    Great  ingenuity  is  shown  in  the  construction  of  the  poles  for  con- 

for  carriage*  .  .  . 

venience  of  carriage,  and  for  facility  of  erection.     Iron  or  steel  poles 
Weight  and  cost    Vary  in  weight  from  100  to  350  lb.  each,  but  the  larger  proportion 

are  of  some  weight  between  180  and  250  lb.,  and  it  is  doubtful 
economy  to  employ  for  a  permanent  line  a  pole  weighing  less  than 
200  lb.  Iron  or  steel  poles  within  the  above  limits  of  weight  are 
about  20  ft  long,  and  cost  from  25J.  to  40J.  each.  But  in  countries 
subject  to  violent  winds  or  hurricanes,  or  where  wild  animals  abound. 
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or  where  long  river  spans  have  to  be  supported,  it  is  necessary  to 
provide  very  strong  poles,  and  the  iron  masts  erected  in  such  cases 
are  heavy  and  expensive. 

Poles  are  usually  placed  at  intervals  of  from  60  to  90  yards, 
twenty  to  twenty-eight  poles  being  used  to  the  mile,  according  to 
circumstances.  But  when  occasion  requires,  as  in  the  crossing  of 
rivers  or  ravines,  much  longer  spans  are  adopted.  The  Thames  at 
London  is  crossed  at  various  points  by  wires  of  800  ft.  span,  while 
over  the  wider  nvers  of  the  Continent,  and  over  many  American 
rivers,  single  spans  of  from  1000  to  2000  ft.  are  frequently  carried. 
In  these  cases  the  conductors  used  are  generally  of  silicious-bronze 
wire,  which  has  equal  tensile  strength,  and  more  than  three  times 
the  conducting  power  of  the  steel  wire  formerly  employed  for  the 
purpose.  Where  more  than  one  conductor  has  to  be  carried  over 
such  spans,  then,  in  order  to  avoid  the  possible  contact  of  separate 
wires  when  blown  by  the  wind,  or  in  cities  where  distinct  supports 
for  a  large  number  of  wires  are  not  easily  obtained,  light  aerial  cables 
are  hung  from  a  suspending  wire  of  steel  by  strips  of  raw  hide  from 
3  ft.  to  6  ft.  apart.  The  conductors  in  such  cables  are  of  copper 
wires  insulated  from  each  other  by  coverings  of  gutta-percha  or 
vulcanised  india-rubber;  and  the  required  number  of  these  con- 
ductors are  formed  into  one  cable  and  covered  with  tarred  hemp. 
The  aerial  cables,  containing  five  wires,  are  about  |  in.  diameter, 
and  cables  of  a  diameter  greater  than  f  in.  are  seldom  used. 

There  is  an  almost  endless  variety  of  Insulators,  which  are  made 
either  of  earthenware,  porcelain,  glass,  or  ebonite,  and  sometimes 
with  cast-iron  or  malleable  cast-iron  protecting  hoods.  The  choice 
depends  on  various  practical  considerations  besides  those  special  to 
the  electrician.  Such  considerations  are  the  mode  of  fixing  the 
insulators  to  the  pole  and  of  attaching  the  wire,  the  resistance  to 
moisture  or  decay,  facility  of  transport,  and  resistance  to  fracture. 
The  leakage  of  electricity  through  the  insulators  from  the  line-wire 
to  the  earth,  which  always  takes  place  to  a  certain  extent,  becomes 
in  its  aggregate  sometimes  a  serious  difficulty  in  the  ca<:e  of  a  long 
line  and  a  damp  climate ;  and  to  prevent  this  leakage  as  far  as 
possible,  it  is  necessary  to  employ  the  best  kinds  of  insulators  and 
to  keep  them  in  perfect  condition.  On  short  lines  good  insulation 
is  of  less  importance,  and  therefore  less  perfect  insulators  may  be 
used.  Ordinary  earthenware  insulators  cost  about  u.  each ;  but  the  Cost  of  insulators 
better  sort  of  porcelain  insulators,  with  iron  hoods,  cost  from  u.  9^/. 
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to  25.  6//.  each,  and  weigh  from  2  to  3  lb.  At  intervals — every 
sixth,  eighth,  or  tenth  pole,  according  to  circumstances — straining- 
insulators  are  placed,  and  these  weigh  and  cost  about  double  the 
simple  kind. 

The  Wire  almost  exclusively  used  for  land  lines  until  about  1885 
was  of  iron,  generally  galvanised  (coated  with  zinc),  but  sometimes 
simply  blacked  in  oil  for  use  in  dry  climates ;  in  any  case  the  wire 
was  carefully  selected  of  the  best  quality.  The  diameter  or  thick- 
Diameter  of  wire,  ness  of  wire  is  stated  not  only  in  fractions  of  an  inch  (or  in  milli- 
metres), but  by  the  new  Government  standard  wire  gauge,  which 
has  superseded  the  Birmingham  wire  gauge  formerly  used.  Perhaps, 
however,  a  more  satisfactory  method  of  denoting  the  size  of  wires, 
and  one  much  used,  is  by  giving  the  weight  of  the  wire  per  mile. 
Iron  wire  for  permanent  lines  should  not  be  less  than  No.  8  S.W.G. 
(=  o'i6  in.  or  4*07  mm.^  and  weighing  356  /^.  per  mile).  Stouter 
wires  up  to  No.  4  S.W.G.  (=  0*232  in.  or  5*9  mm.^  and  weighing 
Weight  per  mile.    748  lb.  per  mile)  is  used  in  the  construction  of  exceptionally  strong 

lines,  smaller  wires  than  No.  8  being  only  employed  for  temporary 
lines. 

The  cost  and  inconvenience  of  transport  are  in  some  cases  so 

great  that  the  ingenuity  of  engineers  has  been  taxed  to  find  a  wire 

which  would  combine  sufficient  strength  and  conducting  power  with 

moderate  weight.    One  method  adopted  was  that  of  using  a  light 

Compound  wire.    Steel  Wire,  round  which  was  twisted  a  riband  of  copper,  the  steel  and 

copper  being  then  soldered  together  and  tinned.     This,  however, 

was  expensive  and  not  altogether  satisfactory,  so  that  the  discovery 

Hard  drawn  wire,  of  a  method  of  treating  copper  wire  by  hard  drawing  so  as  to  greatly 

increase  its  tensile  strength  (which  before  was  insufficient  to  allow 
of  its  use  for  overhead  lines),  has  resulted  in  its  almost  universal 
adoption  for  important  telegraph  lines,  as  also  for  telephones.  The 
advantages  of  this  hard-drawn  copper  wire  are  that  its  conductivity 
is  about  six  times  that  of  an  equal-sized  iron  wire,  so  that  a  copper 
wire  of  No.  i6  S.W.G.  (=  0*064  in.  or  1*63  mm.^  and  weighing 
66  lb.  per  mile)  is  about  equal  in  conductivity  to  the  No.  8  iron 
wire;  and  a  copper  wire  of  No.  12!  S.W.G.  (- 0*097  ///.,  or 
2*36  WW.,  and  150  lb.  per  mile)  is  equal  to  the  No.  4  iron  wire. 
By  the  lightness  of  the  copper  wire  the  strains  on  the  insulators  and 
poles  are  reduced,  and  these  need  not  therefore  be  so  large  and 
costly  as  for  iron  wires.  The  reduction  in  the  weight  of  these 
materials,  as  well  as  in  that  of  the  wire  itself,  allows  a  saving  in  first 
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cost  and  in  transport  which  in  most  cases  balances  the  extra  cost  of 
the  copper  wire.  The  copper  wire  also  resists  the  corrosive  action 
of  the  atmosphere,  and  therefore  costs  less  for  maintenance  than 
iron  or  steel  wire.  There  is  also  the  electrical  advjntage  that  the 
speed  of  transmission  is  greater  than  in  an  iron  wire  of  equal  con- 
ductivity. On  very  important  circuits  wires  even  thicker  than  those 
above  mentioned  are  employed,  and  on  lines  where  the  insulation  is 
defective  the  use  of  such  thick  wires  will  greatly  minimise  the  evils 
of  excessive  leakage.  When  copper  is  selling  at  £,^0  per  ton,  hard 
drawn  copper  wire  as  above  described  costs  about  id,  per  lb. 
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Great  care  and  judgment  are  necessary  in  choosing  a  route  across  Choice  ot  route, 
a  new  country.  Where  roads  or  railways  already  exist,  it  is  generally 
advisable  to  construct  the  telegraph  along  or  parallel  with  the  same 
line,  thus  facilitating  the  transport  of  material,  and  access  for  inspec- 
tion and  repairs.  But  it  often  happens  that  there  are  no  roads  in 
the  required  direction,  and — the  telegraph  having  to  be  constructed 
across  country — mountain-ranges,  rivers  and  other  difficulties  have 
to  be  conquered. 

For  crossing  rivers,  the  alternative  advantages  of  an  overhead  and   crossing  of  rivers, 
of  a  submerged  wire  have  to  be  considered.     Where  the  banks  are 
high,  and  where  poles  can  be  erected  so  that  the  catenary  wire  will 
clear  the  masts  of  passing  vessels,  such  a  plan  may  be  preferred. 
The  curve  or  dip  of  the  wire  may  be  assumed  as  about  one-fiftieth    Overhead  wires, 
of  the  span.     In  some  cases,  where  the  passage  of  masted  vessels  is 
rare,  the  wire  has  even  been  lowered  into  the  water  at  such  times, 
so  that  the  vessel  may  pass  over  it.     There  are  many  rivers  which, 
though  wide,  have  only  a  narrow  navigable  channel,  and  in  such 
cases  masts  may  be  inserted  in  the  bed  of  the  river  except  at  the 
navigable  part.     So  also  masts  may  be  erected  on  the  lowlands 
adjoining  a  river  liable  to  floods.     As,  however,  struts  or  stay-wires 
would,  if  attached  to  the  masts,  be  exposed  to  floating  debris^  the 
masts  must  be  inserted  firmly  enough — for  instance,  as  screwed  piles  Screw-piie  masts. 
— to  be  independent  of  side  supports.     With  all  precautions,  how- 
ever, great  inconvenience  and  loss  have  been  suflfered— particularly 
in  America — from  the  destruction  by  hurricanes  and  floods  of  the 
overhead  lines  crossing  wide  rivers  on  masts  standing  in  the  stream ; 
and  in  many  such  cases  submerged  cables  have  been  substituted  with  submerged  cables 
advantage  :  the  chief  risk  in  regard  to  such  cables  being  that  from        ^°J  "7*"^ 
ships'  anchors  and  moorings.  ^"^  *«»• 
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In  passing  through  forests  a  clearing  must  be  made,  or  the  line 
in  some  way  be  kept  clear  of  falling  branches,  and  this  danger  is  one 
reason  against  attaching  the  wire  to  growing  trees.  So  also  in 
forests  or  jungles,  creepers  which  might  reach  the  wire  and  destroy 
the  insulation,  or  grass  which  might  ignite  and  burn  the  poles,  are 
contingencies  to  be  provided  against.  Telegraph  poles  and  wires 
are  exposed  to  attack  not  only  from  wild  birds  and  beasts,  but  from 
mankind  also.  Even  in  England,  boys  throw  stones  at  the  insulators, 
while  in  Persia  the  natives  shoot  at  them.  In  cases  like  these  the 
insulators  should  be  protected  by  annealed  (malleable  cast-iron) 
hoods.  Whether  from  animosity  or  ignorance,  savages  or  hostile 
tribes  will  often  damage  the  line  sufficiently  to  interrupt  communica- 
tion. Sometimes  thefl  is  the  cause  of  damage,  and  the  wire  and 
other  material  are  coveted  as  articles  of  utility,  for  though  galvanised 
wire  cannot  well  be  smithed,  it  possesses  a  value  for  various  pur- 
poses, and  copper  wire,  of  course,  offers  a  much  greater  temptation. 
Because  of  these  risks,  insulators  and  other  parts  are  in  some  cases 
deliberately  contrived  to  be  as  valueless  as  possible  for  any  but  their 
proper  purpose.  Threats  and  punishment,  as  well  as  conciliation, 
have  to  be  tried  to  protect  the  wire,  and  the  engineers  who  con- 
structed the  long  lines  previously  referred  to  had  much  curious 
experience  in  this  respect.  In  some  cases  a  salutary  fear  has  been 
inspired  by  punishing  the  persons  detected  in  damaging  the  line, 
and  in  others  it  has  been  found  expedient  to  permanently  protect 
the  line,  by  granting  a  small  but  regular  subsidy  to  the  local  autho- 
rities through  whose  districts  the  line  passes.  Superstition — as  in 
China,  where  the  natives  say  that  their  aerial  gods  are  offended  by 
the  new-fangled  structures — ^jealousy,  or  pure  mischief,  will  tempt  the 
inhabitants  of  a  country  to  injure  telegraph  lines;  but  when  the 
novelty  has  worn  off,  it  has  generally  been  found  that  the  line  is 
unmolested. 


The  cost  of 
telegraphs. 


Estimates. 


The  Cost  of  land  telegraphs  depends  on  many  considerations, 
the  nature  of  which  will  be  gathered  from  the  preceding  pages.  One 
of  the  chief,  and  at  the  same  time  most  uncertain,  items  of  expense, 
consists  of  the  poles,  the  choice  of  which  is,  as  has  been  seen, 
determined  mainly  by  climate,  and  the  facilities  for  transport. 
Therefore,  in  estimating  the  cost  of  land  lines,  it  will  be  convenient 
to  consider  separately  this  item.  If  wooden  poles  can  be  procured 
in  the  countiy,  their  cost  can  be  best  ascertained  there ;  but  it  is  not 
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often  that  the  necessary  appliances  for  creosoting  the  poles  are  found 
in  foreign  countries.  The  cost  of  iron  or  steel  poles  has  been  already  Seepage  86. 
stated ;  and  if  they  are  required,  it  remains  to  be  estimated  how  much 
it  will  cost  to  carry  them  and  lay  them  along  the  route,  ready  for 
erection.  Assuming  then  that  the  poles  are  supplied,  and  have  been 
deposited  along  the  route  free  of  cost  to  the  contractor,  and  assuming 
also  that  the  cost  of  transporting  wire  and  other  material  and 
depositing  along  the  route  does  not  exceed  ;^5  per  ton,  and  that 
there  are  no  import  duties  to  be  paid,  then  the  cost  of  laying  a 
single-wire  line,  including  simple  apparatus  and  instruments  at 
stations  (say  one  station  every  ten  miles),  will  be  from  ;£^2o  per  mile  cheap  lines, 
and  upwards.  It  is  only  very  favourable  cases,  however,  that  admit 
of  the  above  minimum,  and  such  cases  are  generally  those  where 
there  is  a  capable  local  contractor  ready  to  do  the  work  for  a 
moderate  profit.  By  this  means  costly  superintendence  brought  Local  contractors, 
from  a  distance  is  avoided,  and  also  the  intermediary  profits  of 
numerous  agents,  promoters,  and  contractors.  A  cost  of  from  ;^3o 
to  £,^0  per  mile  is  more  usual ;  and  inclusive  of  poles,  but  exclusive 
of  buildings,  the  cost  in  foreign  countries  will  be  generally  found  Averaje  cost  of 
somewhere  between  ^£40  and  j[fio  per  mile.  In  cases,  however, 
where  the  difficulties  of  transport  are  very  great,  the  cost  has  some- 
times exceeded  ^^loo  per  mile.  The  line  across  Australia  cost 
;^i6o  per  xnile.  If  poles  strong  enough  have  been  erected  in  the 
first  instance,  then  the  cost  of  fixing  each  new  wire  will  be  from  ;^3  Additional  wires, 
to  £^\  per  mile,  in  addition  to  the  cost  of  the  wire  and  insulators, 
and  of  laying  these  along  the  line  ready  for  use. 

Out  of  Europe,  and  excluding  North  America,  the  total  mileage 
of  land  telegraph  wires  in  1893  was  about  300,000  miles.  The  land 
lines  in  the  United  Kingdom  had  in  1892  about  200,000  miles  of  European  and 
wire.  In  the  rest  of  Europe,  in  1893,  the  mileage  of  land  wires  was  '"*"^*"  ™'  **«*• 
1,172,000.  In  the  United  States  the  mileage  in  1893  was  870,000, 
of  which  the  Western  Union  Telegraph  Company  alone  owned 
770,000  miles,  which,  with  their  capital  of  about  25  millions  sterling, 
is  equal  to  ^32  per  mile ;  but  some  of  this  capital  does  not  represent 
actual  expenditure. 

Where  telegraphs  are  constructed  on  a  large  scale,  and  where  the       Efficient  and 

^•1  ij-i.  e  OL    '  J  -1  permanent  lines 

matenal   employed   is  chosen   for  efficiency  and   permanency,  the        expensive, 
expenditure  is  necessarily  considerable,   and  when  there  have  to 
be  added   heavy   expenses   for  transport   of   material,   for  skilled 
suj^rintendence   brought   from   a  distant   country,  and   finally  for 
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establishment  and  staff  charges,  then  the  total  acquires  a  magnitude 
apparently  out  of  proportion  to  that  incurred  under  less  onerous 
conditions.  For  any  but  temporary  lines,  it  is  always  true  economy 
to  have  the  best  materials.  The  cost  of  transport  and  the  other 
charges  incurred  after  the  material  is  purchased,  bear  so  high  a 
proportion  to  the  total  expense  as  to  reduce  greatly  even  the 
apparent  saving  in  first  cost  which  the  use  of  inferior  materials 
might  allow;  while  such  inferior  materials  involve  the  necessity  for 
repairs  and  renewals,  commencing  almost  from  the  time  the  line  is 
opened  for  service. 

Land  telegraph  lines  for  temporary  use  only  can,  under  ordinary 
circumstances,  be  constructed  very  cheaply,  and,  if  the  exigencies  of 
military  service  demand  it,  very  quickly  also.  Much  of  the  expense 
of  ordinary  telegraphs  arises  from  the  permanent  nature  of  the  work. 
Poles  must  be  strong  enough  to  carry  the  weight  and  withstand  the 
strains  of  heavy  wires,  and,  in  many  cases,  of  future  additional  wires  : 
the  poles,  if  of  wood,  must  be  chemically  prepared  to  resist  decay, 
and,  whether  of  iron  or  wood,  must  be  very  firmly  fixed  in  the 
ground.  For  temporary  telegraph  lines,  growing  trees,  light  poles,  or 
bamboos,  will  be  sufficient.  For  permanent  lines,  strong  wire — 
which  will  stand  constant  or  repeated  heavy  strains  without  elongation 
or  fracture — is  necessary ;  such  wire  is  heavy  for  transport,  and  causes 
great  strains  on  the  poles  and  insulators.  For  temp>orary  lines,  and 
especially  where  there  is  only  one  wire,  more  latitude  may  be  allowed, 
and  hard  drawn  copper  wire  or  silicious-bronze  wire  (which  is  even 
stronger  than  the  copper,  but  not  so  good  a  conductor)  of  No.  i8  or 
20  S.W.G.  may  be  used,  the  supports  being  as  few  as  20  to  the  mile. 
For  permanent  lines  the  choice  of  insulators  is  most  important ;  they 
must  be  non-conductors,  strong  against  fracture  or  decay,  capable  of 
resisting  heavy  strains  and  serviceable  for  insulation  in  wet  weather. 
For  temporary  lines,  insulators  of  a  very  rude  kind  may  be  sufficient, 
and  in  some  cases  may  be  avoided  altogether.  In  certain  conditions 
of  season  or  climate  (dryness  is  the  principal  condition),  sufficient 
insulation  has  been  maintained  for  too  miles  in  a  wire  attached 
Field-telegraphs,     directly  to  bamboos  or  wooden  poles.     For  field  purposes,  wire — 

insulated  in  gutta-percha,  and  fixed  on  small  light  canes — is  frequently 
used,  thus  rendering  poles  unnecessary.  A  single  copper  wire, 
covered  with  gutta-percha,  costs  from  J[fi  to  ;£i2  per  mile;  but, 
for  exposure  to  the  weather,  a  conductor  formed  of  twisted  strands 
and   more   effectually   enveloped   is   preferable,  and   such   covered 


Light  wires. 


Cheap  insulators. 
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conductors  cost  about  ;^i8  per  mile.  Another  kind  of  light  covered 
wire  or  cable  for  military  or  other  purposes,  and  which  has  to  a  Jarge 
extent  superseded  the  gutta-percha  covered  wire,  is  made  up  of  a 
conductor  of  twisted  strands  (these  being  more  flexible  than  a  single  conductors  made 
wire),  insulated  with  two  or  more  coverings  of  vulcanised  india-rubber, 
and  finally  with  cotton-tape  or  braid  soaked  in  some  preservative 
compound  such  as  ozokerite.  The  conductor  in  such  a  cable  should 
be  tinned  to  preserve  it  from  corrosion  by  the  sulphur  of  the  india- 
rubber.  Such  cables  have  an  outside  diameter  of  about  \  in.,  and 
cost  from  ;^i5  to  ;^3o  per  mile.  Sometimes  a  pair  of  conducting  cost  per  mile, 
wires — well  insulated  from  each  other — is  contained  in  such  a  cable, 
the  two  conductors  being  used  to  form  a  complete  circuit  with  the  MetaUic  circuits, 
instrument,  so  that  recourse  need  not  be  had  to  earth  connections. 
The  above  class  of  cables  can  be  rapidly  laid  on  the  ground  for  a 
few  miles  from  a  generaFs  headquarters  to  advanced  posts ;  the  cable 
is  light,  supple  and  elastic  enough  to  suffer  the  passage  of  carts  or 
artillery  over  it  without  destroying  the  continuity;  and  it  can  be 
wound  upon  a  reel  and  used  again. 

The  following  information,  which  can   only  be  obtained  by  a  Projection  of  new 

,  ,  Unes. 

proper  survey,  is  necessary  for  enabhng  an  engineer  to  choose  the 

best  route  for  a  land  telegraph  line,  and  to  advise  as  to  the  kinds  of 

material  which  are  most  suitable.     The  route  having  been  chosen, 

and  the  materials  and  other  conditions  specified  by  the  engineer,  the 

same  information  enables  a  contractor  to  measure  the  cost  of  the        information 

work,  and  allows  the  prospects  of  success — financial  and  otherwise —        necessary. 

to  be  estimated  by  the  promoters.     In  the  case  of  important  lines, 

a  contractor,  before  absolutely  concluding  a  contract,  will  require 

to  verify — either  personally  or  by  his  agents — the  information  and  to 

inspect  the  route : — 

1.  A  Map  of  the  country,  showing  the  general  direction  of  the      Map  showingr 
line  of  telegraph  and  the  alternative  routes  which  appear  suitable. 

The  towns,  villages,  roads,  railways,  rivers,  and  canals  should  be 

indicated  on  the  map,  and  the  places  at  which  it  is  proposed  to  have 

a  telegraph  station.     Existing  lines  of  telegraph  in  the  district  should      junction  with 

be  shown,  or  any  with  which  the  proposed  new  line  can  communicate,      "*■*»"«  *»"«■ 

or  which  may  in  any  way  be  in  competition  with  it. 

2.  The  miles  along  the  route  having  been  numbered  on  the  map, 
a  written  Description  should  be  furnished  of  each  mile,  embodying 

the  following  particulars :  the  nature  of  the  soil ;  the  facilities,  or  Nature  of  the  soil. 
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Otherwise,  which  it  affords  for  the  insertion  of  poles,  and  whether  the 
holes  can  be  dug  or  will  have  to  be  blasted ;  the  trees,  jun.s;le,  grass, 
or  other  vegetation,  and  its  character  at  different  seasons  of  the  year. 

3.  If  forests  have  to  be  traversed,  the  Roads  or  tracks  which  exist 
should  be  indicated,  their  suitability  for  a  telegraph-route  described, 
and  the  amount  of  clearing  which  would  be  necessary  to  keep  the 
wire  insulated.  If  mountains  or  ravines  have  to  be  passed,  sufficient 
description,  aided  by  sketches,  should  be  afforded  to  show  any 
Difficulties  which  may  have  to  be  surmounted.  In  the  case  of  rivers, 
a  section  should  be  given,  showing  their  width,  the  steepness  of  the 
banks,  the  nature  of  the  river-bed,  the  depth  of  water  at  various 
seasons  and  periods  of  flood,  and  the  direction  and  strength  of  the 
current  at  these  periods.  It  can  then  be  decided  whether  the  river 
can  be  spanned  by  a  suspended  wire,  whether  such  a  wire  would  be 
clear  of  passing  vessels,  or  whether  a  submerged  wire  or  cable  would 
be  more  suitable.  In  regard  to  the  latter  point,  the  class  of  ves.sels, 
if  any,  which  pass  should  be  described,  and  the  probabilities  of  risks 
from  anchors. 

4.  Particulars  should  be  furnished  of  the  trees,  canes,  or  timber 
suitable  for  Telegraph-poles  which  exist  in  the  country,  together  with 
the  locality  where  they  are  to  be  found,  the  quantity  obtainable,  the 
facilities  for  transport,  and  the  prices. 

5.  The  Climate  should  be  carefully  described,  especially  with 
regard  to  moisture.  If  no  exact  register  or  record  has  been  kept 
of  the  rainfall,  the  seasons  of  rain,  together  with  the  heaviness, 
frequency,  the  durations  of  the  rains  or  dew,  should  be  described  as 
nearly  as  possible.  The  occurrence  of  snow,  severe  frosts,  hoar- 
frosts, thunder-storms,  and  hurricanes  also  must  be  known  ;  also  the 
effect  the  climate  has  upon  timber,  whether  there  are  destructive 
insects  or  vermin,  and  whether  any  preservative  process  for  wood 
can  be  applied  in  the  country  and  is  likely  to  be  effectual.  All  the 
above  facts  have  weight  in  determining  the  choice  of  poles,  insulators, 
and  wires,  and  the  methods  of  attachment  The  effect  of  the  climate 
upon  health,  so  far  as  it  would  affect  the  engineers  and  workmen 
who  would  have  to  construct  and  maintain  the  line,  must  also  be 
mentioned. 

6.  The  Obstructions^  if  any,  which  are  likely  to  be  met  with  from 
beasts,  birds,  the  inhabitants,  or  otherwise  during  construction. 

7.  The  Population  in  the  districts  through  which  the  line  would 
pass ;  the  degree  of  civilisation  they  possess ;  and  the  restraints,  if 
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any,  which  it  will  be  necessary  and  possible  to  put  on  them  with 
regard  to  the  protection  of  the  line  after  its  completion. 

8.  The  harbour  facilities  which  exist  for  the  Landing  of  material 
brought  from  England;  the  port  or  town  dues;  and  the  import 
Duties  which  may  be  levied. 

9.  The  means  of  Transport  which  exist  from  the  port  of  arrival 
of  the  material,  or  other  base  of  operation  to  the  line  of  route  ;  and 
the  cost  of  carriage.  The  roads  for  vehicles,  or  tracks  for  horses  or 
mules,  should  be  described,  together  with  the  facilities  for  obtaining 
beasts  of  burden  and  forage  at  all  seasons  of  the  year,  and  at  what 
cost 

10.  The  kinds  of  Workmen^  skilled  and  unskilled,  which  are 
obtainable,  and  at  what  cost.  The  accommodation  for  lodging  the 
workmen  ;  and  the  provisions  and  fuel  obtainable  along  the  route. 

1 1.  The  terms  of  the  permission  or  Coficession  which  have  been 
obtained  for  the  construction  of  the  line.  Special  information  must 
be  afforded  as  to  the  right  of  way  over  roads  and  lands  for  erecting 
the  poles,  and  the  protection  against  damage  to  the  line  when  laid 
which  will  be  afforded  by  the  Government  or  by  the  law  of  the 
country. 

1 2.  The  terms  of  Payment  which  it  is  proposed  to  make  with  the 
contractor  or  other  constructors  of  the  line. 

13.  The  Reasons  which  have  suggested  the  construction  of  the 
line  to  the  promoters,  the  necessity  or  demand  which  exists  for  the 
new  line,  and  the  data  upon  which  the  calculations  of  Revenue  have 
been  based.  In  connection  with  these  points,  particulars  should  be 
furnished  concerning  the  number  of  inhabitants  and  their  avocations 
in  the  terminal  and  intermediate  towns,  so  far  as  this  informa- 
tion will  be  a  guide  to  the  amount  and  kind  of  traffic  which  may  be 
expected.  If  the  promoters  desire  to  provide  for  a  certain  amount 
of  traffic  present  and  prospective,  sufficient  wires  must  of  course 
be  laid  and  the  poles  made  strong  enough  for  the  additional  wires 
afterwards. 

14.  I'he  terms  which  have  been  or  can  be  arranged  for  the 
Excfiange  or  forwarding  of  messages  by  existing  lines  or  cable-routes 
which  the  new  line  is  to  join.  Where  the  new  line  is  a  continuation 
of,  or  a  branch  from,  an  existing  main  line,  it  is  most  important  that 
access  to  the  capital  of  a  country  and  to  the  chief  sources  of  traffic 
should  be  obtainable  on  equitable  and  remunerative  terms  arranged 
beforehand. 
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Overhead  telegraphs  as  just  described  are  liable  to  damage  during 
heavy  wind  or  snow,  or  by  the  contraction  from  frost,  as  either  of 
these  events  may  put  such  heavy  strains  upon  the  wires  as  to  break 
or  force  them  down.  In  such  a  case,  not  only  is  communication 
interrupted,  but  the  road  or  railroad  along  which  the  telegraph  runs 
is  blocked  against  traffic  by  the  fallen  poles.  These  risks  have 
directed  the  attention  of  engineers  to  a  more  extended  use  of  Under- 
ground wires,  which,  up  to  1877,  were  mainly  confined  to  cities. 
The  Prussian  Government  laid,  during  1847-1852,  about  four  thou- 
sand miles  of  guttapercha-covered  underground  wires ;  but  these 
wires  were  not  encased  or  protected  by  sheathing,  and  therefore 
failed.  Underground  wires  were  also  laid  in  England,  between 
I^ndon  and  some  of  the  provincial  towns;  but  at  first  they  were 
badly  constructed,  and  also  failed.  A  multiple-coble,  .sheathed  with 
iron,  was  laid  in  1875,  between  Berlin  and  Halle;  and  in  1877  a 
7 -cored  cable  was  laid  between  Berlin,  Hamburg,  and  Kiel.  Since 
that  date  the  Imperial  German  subterranean  telegraph  network  has 
been  completed,  some  220  towns  having  been  connected.  At  the 
end  of  1 88 1,  the  total  length  of  cables  was  5 J  million  kilometres, 
most  of  the  cables  having  7  wires  and  the  remainder  5  wires. 
Underground  wires  in  pipes  have  been  made  compulsory  in  New 
York  and  other  American  cities,  as  substitutes  for  the  poles  and 
overhead  wires  which  disfigure  so  many  of  the  streets.  Difficulties 
in  regard  to  retardation  of  speed  by  induction  have  to  be  guarded 
against ;  but  they  can  be  overcome  by  proper  precautions,  which, 
since  1880,  have  been  generally  adopted.  As  underground  wires 
have  not — like  those  suspended  between  poles — to  withstand  heavy 
strains,  the  strength  of  iron  is  not  needed,  and  suitability  as  a 
conductor  is  alone  required ;  but  it  is  necessary  that  the  wire  be 
protected  from  damage  by  digging,  from  the  attacks  of  vermin  and 
similar  contingencies.  Light  copper  conductors  of  one  wire  of  about 
No.  18  S.W.G.  (=1*22  mm.)y  or  formed  of  3,  5,  or  7  strands  of 
No.  22  S.W.G.  twisted  together  are  generally  used ;  and  each  of  the 
separate  conductors  is  enveloped  in  gutta-percha,  so  as  to  produce 
a  total  outside  diameter  of  about  No.  5  S.W.G.  (  =  5'S  w^.)-  A 
bundle  of  such  conductors  or — as  they  appear — cords  is,  for  tele- 
graph lines  in  cities,  laid  loosely  together  in  an  iron  trough,  or  lead 
pipe,  access  to  which  is  provided,  at  intervals  of  about  100  ft.,  by 
openings  in  the  road  or  pavement,  covered  with  iron  doors.  The 
cost  of  laying  underground  lines  of  this  kind  is  in  cities  greatly 
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enhanced  by  expenses  of  paving  and  by  the  difficulties  of  working 
in  crowded  streets.  From  these  causes  underground  lines  in  London 
with  about  30  wires  have  cost  more  than  ;^2ooo  per  mile.  For 
long  country  lines  it  is  usual  to  twist  the  separate  conductors  into 
a  cable,  to  sheath  them  with  iron  wires,  and  to  coat  them  with 
asphalte ;  a  cable  thus  constructed  being  effectually  protected  from 
vermin  and  mechanical  injuries.  The  high  price  of  gutta-percha  has 
led,  since  1890,  to  the  more  extensive  use  of  cables  in  which  the 
wires  are  insulated  with  coatings  of  vulcanised  india-rubber,  and  of 
another  class  of  cables  in  which  the  wires,  coated  separately  with  a 
loose  covering  of  cotton,  are  afterwards  saturated  with  some  insu- 
lating substance  obtained  from  coal  tar,  the  whole  being  enclosed  in 
a  water-tight  lead  tube.  Such  cables  can  be  produced  very  cheaply, 
and  have  some  electrical  advantages  over  the  gutta-percha  cables. 
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Before  leaving  the  subject  of  land-telegraphs,  the  modern  systems 
of  subsidiary  Pneumatic  tubes  may  be  refened  to.  In  London  and 
other  large  cities,  where  numerous  offices  for  receiving  messages  are 
grouped  within  a  moderate  distance  of  the  central  transmitting  office, 
these  tubes  have  been  found  very  useful  for  conveying  the  written 
messages  to  the  common  centre.  The  tubes  are  of  lead  (which  has 
in  London  been  found  hitherto  to  be  better  than  iron),  of  about 
2^  in.  internal  diameter;  and  through  these  tubes  cylindrical  carriers, 
or  pellets,  are  blown  or  sucked  by  pneumatic  pressure  or  exhaustion. 
The  carriers  are  of  gutta-percha,  covered  with  drugget,  and  the 
wTitten  messages  are  placed  inside.  This  plan  has  been  found  much 
cheaper  than  that  of  employing  messengers  or  of  transmitting  the 
message  for  the  short  distance  by  the  electric  wire,  besides  avoiding 
the  risk  of  errors  in  the  extra  transmission.  The  cost  of  such  tubes, 
including  the  laying  in  the  streets,  is  from  ;;^6oo  to  ;^iooo  per  Cost  of  tubes  and 
mile ;  the  exact  sum  depending,  among  other  conditions,  upon  the 
nature  of  the  pavement.  The  pumping  apparatus  costs  from  ;^i5oo 
to  ;^2ooo.  and,  if  placed  at  the  central  station,  it  can  be  made 
available  for  several  lines  of  tubing  in  different  directions.  The 
additional  apparatus  at  each  despatching  station  costs  about  ;^ioo. 
All  these  amounts  are  exclusive  of  the  cost  of  buildings.  In  London 
these  tubes  are  used  in  all  the  central  districts,  and  in  many  of  the 
principal  provincial  towns.  The  pneumatic  system  is  also  used  in 
Paris,  Vienna  and  Berlin ;  but,  when  the  practice  in  these  cities  is 
compared  with  that  in  London,  that  of  the  latter  city  is  found  to  be 
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most  expeditious  and  economical.     In  connection  with  the  postal 
Pneumatic  system  service  in  Berlin  there  is  a  complete  system  of  pneumatic  tubes  for 

the  conveyance  of  letters  from  one  part  of  the  city  to  another ;  letters 
being  transmitted  directly  they  are  handed  in  to  a  receiving  office ; 
the  cost  to  the  sender  for  this  service  being  about  three  times  that 
of  ordinary  postage. 


Automatic 
instruments. 

Rates  of  speed. 
**  Repeaters." 


Punched  tapes 
or  ribands. 


Instruments.  Batteries,  instruments,  and  the  various  kinds  of  apparatus  used  in 

connection  with  electric-telegraphy,  are  matters  of  detail,  which  it  is 
not  necessary  to  treat  of  here.  Out  of  the  great  variety  of  recording 
instruments  which  have  been  invented,  only  a  few  of  the  best  types 
have  been  permanently  adopted  and  are  now  in  use.  Recent  inven- 
tion has  been  directed  towards  the  acceleration  of  traffic,  and  some 
of  the  improvements  so  effected  are  most  ingenious.  By  the  use  of 
copper  wire  and  by  improved  automatic  instruments,  six  hundred 
words  per  minute  could  be  transmitted  in  1890,  as  against  eighty 
words  per  minute  in  1870.  By  means  of  automatic  "  repeaters," 
messages  can  be  sent  forward  from  one  section  of  wire  to  another, 
without  the  necessity  of  effecting  all  from  one  terminal  battery.  In 
England,  messages  are  in  this  way  sent  by  the  one  initial  operation 
from  London  to  the  extremities  of  the  island.  By  punching  on 
paper  tapes  or  ribands  perforations  which  represent  letters  and 
words,  and  by  reproducing  these  tapes  in  sufficient  numbers,  Press 
or  other  long  messages  can  be  forwarded  from  one  central  office  in 
different  directions  at  once.  The  air  pressure  provided  for  the 
pneumatic  tubes  affords  power  for  the  punching,  and  four  of  the 
ribands  are  frequently  punched  simultaneously,  thus  augmenting  the 
number  of  punched  messages.  Automatic  printing  instruments 
record  the  messages  in  ordinary  type  at  the  rate  of  about  fifty  words 
per  minute.  Several  other  improvements  in  telegraph  signalling 
have  been  introduced  since  1890,  and  have  largely  increased  the 
earning  power  of  the  lines.  Among  such  improvements  the  most 
wonderful  is  the  development  of  the  **  duplex  "  system,  by  which  two 
messages  could  be  transmitted  simultaneously  along  one  wire,  either 
in  the  same  or  opposite  directions.  Out  of  this  grew  the  quadruplex. 
Multiplex  system,  and  since  then  the  multiplex  system,  which  allows  twelve  or  more 

circuits  to  be  worked  simultaneously  over  one  wire.  It  is  not  possible 
here  to  give  a  full  description  of  the  methods  employed,  but  taking 
as  an  example  the  system  used  by  the  British  Post  Office,  it  may 
be   said   that  by  the    synchronic   movements  of    two   arms,  each 
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revolving  in  a  circuit  of  twelve  segments  at  the  opposite  ends  of  a 
conductor  wire,  and  taking  a  usual  speed  of  three  revolutions  per 
second,  each  segment  is  excited  i8o  times  per  minute,  though  only 
on  each  occasion  for  ^V  P^rt  of  a  second.  There  being  at  each  end 
of  the  line  a  separate  instrument  for  each  segment,  the  operator  has 
at  his  disposal  what,  for  signalling  purposes,  is  practically  a  con- 
tinuous current,  though  really  it  is  only  at  the  rapidly  repeated  inter- 
vals as  above  described,  the  pulsations  being  also  quite  distinct  from 
those  at  the  disposal  of  eleven  other  operators,  who  each  control  and 
utilise  the  pulsations  available  in  the  other  fractions  of  each  second. 


Simultaneous 
messages. 


Submarine  telegraph  lines  are  pre-eminent  amongst  the  modern 
wonders  of  the  world.  The  first  submerged  cable  in  salt-water  was 
successfully  laid  from  Dover  to  Calais  in  185 1,  and  after  three 
attempts,  all  more  or  less  failures,  in  1857,  1858,  and  1865,  to  cross 
the  Atlantic,  submarine  telegraph  communication  between  Ireland 
and  America  was  achieved  in  1866,  and  has  since  been  maintained. 
When  telegraph  lines  are  laid  under  water,  conditions  very  different 
from  those  pertaining  to  land  lines  have  to  be  satisfied.  The  mere 
insulation  and  protection  from  the  water  could  be  effected  without 
the  elaborate  cable-structure  which  is  generally  adopted.  Thus  the 
submarine  line  which  was  laid  successfully  in  1855,  during  the 
Crimean  War,  between  Varna  and  Balaclava,  a  distance  of  300  miles, 
consisted  of  a  single  copper  wire.  No.  16  S.W.G.  (=  1*62  mm.), 
covered  only  with  gutta-percha,  the  outside  diameter  being  about 
T^  in.  This  cable,  though  not  made  in  the  perfect  manner  which 
has  since  been  attained,  worked  successfully  for  about  nine  months. 

But  other  exigencies  have  to  be  met.  Just  as  the  wire  of  a  land 
line  has  to  be  made  strong  enough  to  withstand  the  heavy  strains  of 
suspension  and  of  the  wind,  so  has  the  submarine  cable  to  satisfy 
conditions  also  entirely  outside  those  of  the  electrician.  A  submarine 
cable  must  be  made  strong  enough  to  sustain  its  own  weight  and  the 
other  strains  to  which  it  is  subject  while  it  is  being  laid  or  picked  up  ; 
and  it  is  obvious  that  the  greater  the  depth  of  water  the  greater  will  be 
the  length,  and  therefore  the  weight  of  the  bight.  But  if  the  tensile 
strength  be  increased  by  giving  more  or  thicker  sheathing-wires,  the 
weight  is  again  increased,  and  so  the  two  opposing  circumstances 
grow  together.  The  effective  weight  of  a  cable  is  of  course  less 
when  submerged  than  when  above  water,  and  cables  can  be  con- 
structed with   few  or  light  sheathing-wires,  which  weigh  very  little 
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when  submerged.  The  real  danger  lies  in  the  strains  from  the 
vessel  from  which  the  cable  is  being  laid  or  picked  up;  and  even 
when  great  care  is  exercised,  it  is  sometimes  impossible,  in  a  rough 
sea  or  in  a  gale  of  wind,  to  prevent  considerable  tension  on  the 
cable  as  it  is  passing  over  the  stern  or  when  being  picked  up. 
Indeed,  unless  sufficient  precaution  be  taken,  the  vessel  is  in  effect 
sometimes  anchored  to  the  cable,  with  consequences  tliat  may  be 
anticipated. 

Submerged  cables  are  subjected  also  to  the  risk  of  damage  from 
ships*  anchors,  and  this  risk  is  of  course  greatest  in  shallow  waters 
and  much  frequented  seas;  therefore  cables  which  are  laid  in  such 
situations  have  to  be  made  much  stronger  than  those  for  deep  ocean 
service.  Thus,  while  the  weight  of  a  deep-sea  cable  will  range  from 
i^  to  3  tons  per  mile,  a  weight  of  from  4  to  6  tons  per  mile  is  con- 
sidered necessary  for  such  situations  as  the  EngUsh  Channel :  the 
greater  weight  being  reached  when  the  cable  contains  more  than  one 
conductor.  As  the  cable  approaches  the  shore  the  danger  from 
anchors  is  increased.  Moreover,  the  cable  is  then  exposed  to  the 
surf,  and  is  liable  to  be  chafed  on  rocks  or  shingle ;  therefore  the 
shore  ends  of  cables  are  made  exceptionally  strong,  a  weight  even  of 
from  15  to  20  tons  per  mile  being  occasionally  attained.  In  waters 
where  the  boring  shells  (teredo  navalis)  or  worms  are  exceptionally 
destructive,  sheathing-wires  are  insufficient,  and  the  cable  must  be 
enveloped  in  copper  strips  if  it  is  to  be  long  preserved. 

So  many  cables  have  been  laid,  and  so  much  experience  has 
been  gained  under  what  would  appear  to  be  every  possible  com- 
bination of  circumstances,  that  all  the  incidents  of  manufacture, 
laying,  picking-up,  and  repairing,  are  known  to  those  concerned  in 
such  enterprises.  Consequently,  instead  of  the  very  great  uncertainty 
which  at  first  existed,  telegraph  contractors  will  undertake  the  laying 
of  a  cable,  confident  that,  whatever  be  the  accidents  of  the  operation 
and  the  cost,  they  will  finally  succeed.  But  the  amount  of  money 
invested  is  so  great,  and  the  interests  at  stake  are  so  momentous, 
that  too  much  care  cannot  be  exercised  in  the  design  and  manu- 
facture of  the  cable  in  the  first  instance.  Not  only  must  the  cable  be 
capable  of  transmitting  messages,  but  its  electric  condition  must 
be  such  as  to  do  so  with  the  greatest  speed,  so  that  by  taking  the 
maximum  number  of  words  it  can  earn  as  much  as  possible.  Every 
material  used  in  its  construction  has  to  be  carefully  selected  with 
regard  to  the  necessary  qualities ;  and  the  continuity  and  insulation 
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of  ihe  conductor  have  to  be  tested  through   every  stage  of  its 
manufacture. 

Each  conductor  is  generally  composed  of  several  copper  wires  Conductor  wires, 
twisted  together  into  one  strand,  instead  of  one  solid  wire  as  in  a 
land  line,  as  by  this  means  is  neutralised  the  effect  of  fracture  in  any 
one  wire,  which,  though  of  comparatively  small  consequence  in  a 
land  line,  which  can  be  easily  repaired,  would  be  serious  in  a 
submarine  cable,  necessitating  in  the  case  of  deep-sea  cables  a  costly 
repairing  expedition.  In  regard  to  insulation,  the  manufacture  of 
submarine  cables  had  by  1889  been  brought  to  such  perfection, 
that  no  immediate  improvements  were  looked  for.  But  the  more 
recent  cables  of  the  Atlantic,  Indian,  Australian,  and  other  lines 
have  in  this  respect  surpassed  all  that  was  expected  of  them. 

Cables  differ  in  their  size  and  exact  arrangement,  but  usually  each 
conductor  is  enveloped  in  gutta-percha,  somewhat  in  the  same  way 
as  are  the  underground  wires  previously  described  on  page  88.  By 
the  accumulation  of  very  varied  experience  with  submerged  cables, 
great  improvements  have  been  made  in  the  details  of  constiiiction. 
Not  only  have  the  conductors  to  be  electrically  insulated,  but  the 
materials  for  this  purpose  have  to.be  separated  by  other  coatings  to 
prevent  certain  deleterious  chemical  action;  the  inroads  of  the 
teredo  worm  in  inland  seas  have  to  be  prevented  (this  risk  does  not 
arise  in  deep-sea  cables)  by  a  wrapping  of  brass  tape,  and  then  over 
a  coating  of  tarred  yam  the  cable  is  sheathed  with  steel  wires.  In 
order  to  prevent  corrosion,  which  rapidly  destroyed  some  of  the 
earlier  cables,  each  of  the  outer  wires  is  coated,  and  the  complete 
cable  finally  enveloped  in  tarred  yam  and  a  bituminous  compound. 
Long  distance  ocean  cables  generally  contain  one  conductor,  but 
cables  with  as  many  as  seven  conductors  are  used  in  some  cases. 

The  longer  the  cable,  the  greater  is  the  resistance  it  offers  to  the 
electric  current,  and  the  ordinary  ink-recording  or  needle  instruments 
in  use  on  land-lines  are  not  sensitive  enough  for  signalling  through 
long  cables.  For  the  Atlantic  cables  two  kinds  of  instruments  are  in 
use,  viz.,  the  "mirror"  instrument  and  the  syphon  ink-recording 
instrument.  In  the  former,  a  small  mirror,  suspended  by  a  cocoon 
fibre,  is  deflected  by  the  current,  and  the  rays  of  a  lamp  placed 
opposite  to  the  mirror  are  reflected  by  it  on  to  a  scale,  the  combination 
of  the  movements  of  the  bright  spot  on  the  scale  denoting  the 
letters.  The  syphon-writer  is  a  very  delicate  instrument,  in  which  a 
fine  glass  tube,  acting  like  a  pen,  tiaces  the  signal  on  a  moving 
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paper  strip  or  riband.  By  these  means  the  effect  of  the  current  is 
utilised  to  the  utmost,  and  the  necessary  battery-power  kept  as  low  as 
possible.  Although  the  time  actually  occupied  in  transmitting  each 
separate  signal  is,  even  in  the  longest  cable,  very  short,  still  the 
signals  become  less  defined  and  separable  as  the  length  increases. 
To  meet  this,  a  greater  interval  must  be  left  between  each  signal,  and 
therefore  in  long  cables  the  number  of  words  per  minute  is  much  less 
than  with  short  lines.  The  improvements  since  1870  have  been  so 
great  that  while  at  that  date  50  words  per  minute  could  be  trans- 
mitted from  London  to  Dublin,  300  words  or  more  could  be  sent  in 
1887.  On  long  ocean  cables  the  number  is  very  much  less.  These 
circumstances  must  obviously  be  taken  into  consideration  when 
choosing  the  number  of  conductors  and  kind  of  cable  to  transmit 
expected  traffic.  But  although  it  may  prove  cheaper  to  lay  one 
cable  with  two  or  more  conductor-wires  than  two  cables  each  with 
one  or  few  wires,  it  must  also  be  remembered  that  a  duplicate  cable 
tends  largely  to  ensure  a  regular  revenue,  which  an  accident  to  a 
single  cable  would  stop  entirely.  For  long  ocean  lines  more  than 
one  conductor  renders  the  cable  too  heavy. 

For  laying  across  rivers,  bays  or  estuaries,  not  much  special 
preparation  is  necessary.  In  shallow  waters  a  cable  can  be  best  laid 
by  men  wading  and  carrying  it  from  hand  to  hand :  where  this  is 
impossible,  vessels  or  large  boats  can  be  employed  for  the  purpose- 
In  inland  seas  a  sailing-vessel  towed  by  a  steamer  can  be  temporarily 
equipped  as  a  telegraph-ship,  but  there  is  always  more  risk  in  such 
cases  than  where  a  proper  steamer  is  used.  A  towed  vessel  does  not 
steer  well,  especially  in  rough  weather,  and  cannot  be  stopped 
quickly  in  case  of  fault.  Cables  have,  however,  been  successfully 
laid  for  considerable  distances  by  such  means  when  no  proper 
telegi'aph-steamer  was  available.  In  the  case,  however,  of  an 
ordinary  iron  steamer  used  temporarily  for  such  service,  the  great 
cost  of  altering  it  to  make  tanks  for  the  cable  and  for  other  necessary 
anangements  is  a  reason  in  favour  of  employing  a  wooden  vessel, 
which  can  be  altered  more  cheaply. 

But  although  there  are  contractors  and  companies  who,  for  a 
stipulated  price,  will  undertake  to  make  a  suitable  cable,  and  to  lay 
it  safely,  taking  all  the  risk  of  accident  and  failure,  the  price  charged 
for  such  a  service  is  based  upon  the  very  heavy  expenses  incident  to 
it,  and  also  upon  the  probabilities  of  loss  as  estimated  by  previous 
experience.      The  machinery  and  eciuipments  of  vessels,  specially 
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constructed  for  laying  and  picking-up  deep-sea  cables,  have  been 

brought  to    great    perfection;    and   as  a  result  of  dearly-bought 

experience,  such  vessels  and  machinery  can  be  employed  with  a 

certainty  of  ultimate  success.     But  although  a  considerable  number 

of  engineers  have  now  acquired  experience  in  the  laying  of  cables, 

the    number  of   properly-equipped  vessels  is  small,  the    cost  of 

maintaining  them  very  high,  and  when  in  actual  work  the  salaries, 

wages,  and  insurance  special  to  the  enterprise  add  enormously  to    Costly  steamers. 

the  expenses — never  very  small — ^which  are  always  incident  to  the 

voyages  of  steamers.     And  when  a  cable  has  to  be  laid  in  a  distant 

sea,  the  time  occupied  and  the  distance  from  supplies  add  greatly  to 

the  cost  of  an  undertaking,  which,  as  has  been  shown,  is  in  any  case 

an  expensive  one.     The  contractors  for  such  works  naturally  require 

in  return  a  high  rate  of  profit     The  expenses  of  a  fully-equipped 

telegraph-steamship,  including  coal,  stores,  wages,  salaries,  insurance, 

and  interest  on  capital,  will  range  from  ^5,000  to  ;^8,ooo  per 

month,  according  to  the  size  of  the  vessel  and  the  exact  nature  of  the 

service.     And  to  this  expense  must  be  added  not  only  the  profit  of 

the  contractors  on  the  capital  embarked  in  the  construction  and 

maintenance  of  such  a  vessel,  but,  if  they  have  undertaken,  as  is 

generally  the  case,  the  responsibility  of  laying  the  cable  successfully, 

an  additional   sum,  which  may  be   considered  as  a  premium  of 

assurance  against  loss. 

Apart  from  the  liability  to  rust,  which,  as  previously  described, 
can  be  prevented,  cables  will  last  for  25  years.  Experience  like 
this  greatly  encourages  telegraph  enterprise,  as  it  proves  that  a 
cable  properly  made  and  laid  has  life  long  enough  to  amply  repay 
its  cost. 


Expenses  during 
laying  of  cable. 


The  Cost  of  telegraph-cables,  of  course,  varies  according  to  their 
size  and  kind,  but  it  is  also  subject  to  fluctuations,  not  usual  in  most 
other  manufactures.  Although  the  cost  of  all  articles  varies  with  the 
value  of  the  materials  of  which  they  are  composed,  it  is  not  often 
that  so  many  circumstances  have  to  be  taken  into  account  as  with 
submarine  cables.  Copper,  hemp,  gutta-percha,  and  iron  are  the 
materials  used  for  cables,  and  the  current  prices  for  each  of  these 
are  determined  by  causes  differing  in  each  case.  It  may  be  said, 
generally,  that  the  cost  of  cables  has  diminished,  partly  because  of 
the  skill  and  experience  that  have  been  acquired  in  all  the  processes 
of  manufacture,  partly  because  of  the  fall  in  the  price  of  copper,  and 


Fluctuations  in 
cost  of  cables. 
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partly  because  of  the  greater  competition  which  now  exists.    The  cost 
Cost  of  cables      of  Submarine  cables  (1896),  exclusive  of  the  cost  of  laying,  ranged 
***'    *  '         from  ;^ 1 00  to  ^500  per  mile  according  to  weight,  as  given  below. 

A  submarine  cable  of  the  most  recent  kind,  with  one  conductor 

composed  of  seven  No.   22  gauge  copper  wires,  twisted  into  one 

strand,  insulated  and  protected  as  just  described,  the  cable  having  an 

outside  diameter  of  J  in.,  and  weighing  about  3  tons  per  nautical 

Cost  of  mile,  would  cost  from  jQioo  to  ;;^i2o  per  mile,  according  to  the 

sinff.c  ~coii{iiictoir 

cable.  prices  current  at  the  time  for  the  various  materials  used.     The  shore 

ends  and  intermediate  portions  would  have  conductors  and  coatings 
similar  to  the  deep-sea  portion,  but  with  sheathing-wires  adapted  to 
the  nature  of  the  sea-bed,  exposure  to  anchors,  and  other  circum- 

Coat  of  stances  :  the  weight  per  mile  being  increased  to  between  6  tons  and 

shore  ends.  01  o 

18  tons  according  to  the  diameter.     The  extra  price  per  mile  (in 

addition  to  that  for  the  deep-sea  portion)  would  be  from  ^^25  to 

jQ/^o  per  ton  of  extra  weight. 

Cost  of  A  submarine  cable  with  three  conductors,  each  made  and  insulated 

i-conductor  cable,  j^^  j^g  ^^^  coatings,  as  in  the  cable  just  described,  would  have  an 

outside  diameter  of  from  ij  to  i^  in.,  and  a  weight  of  from  7  to 
10  tons  per  mile,  depending  on  the  sheathing-wires,  the  strength  of 
which  would  be  determined  by  the  risks  to  which  the  cable  was  to 
be  exposed.  The  deep-sea  portion,  which  would  be  used  for  ocean 
routes  and  unexposed  seas,  would  cost  from  ^200  to  ^300  per 
mile,  while  the  shore  ends  and  intermediate  portion  would  be  heavier 
and  more  costly,  as  described  for  the  single-conductor  cable.  The 
average  cost  of  cables  as  laid  throughout  the  world  may  be  taken  at 
;£'3oo  per  mile;  but  losses  and  initiatory  expenses  have  increased 
the  amount  sunk,  so  that  the  capital  actually  spent  by  the  cable 
companies  equals  about  jQzS^  per  mile  of  cable. 

Cable  ventures  For  any  but  a  short  and  easy  line,  a  submarine  telegraph  is  a  very 

speculative  undertaking,  and  one  in  which,  to  justify  the  investment 
of  capital,  the  compensating  revenue  must  be  tolerably  certain. 
Different  investors  prefer  different  kinds  of  ventures,  and  hence  that 
of  making  and  laying  a  cable  is  kept  separate  from  that  of  the  owner- 
ship of  the  cable  when  laid.  The  telegraph  company  which  employs 
the  constructors  to  lay  as  well  as  make  a  cable,  have  obviously  to 
pay  for  their  services  and  risks,  although  they  have  the  satisfaction 
and  protection  of  knowing  beforehand  how  much  they  will  have  to 
pay.     But  even  where  a  submarine  telegraph  has  been  successfully 
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laid,  it  is  still  in  an  entirely  different  position  from  a  land  line.  A 
land  telegraph,  if  well  constructed,  need  cost  but  little  for  main- 
tenance, and  the  proprietors  may  be  contented  with  moderate  traffic 
at  the  commencement  if  there  is  a  probability  of  increase ;  but  a 
submarine  line  should  pay  handsomely  from  the  first  if  it  is  to  satisfy 
the  expectations  which  alone  will  justify  the  investment  of  capital. 
Although  experience  has  removed  many  of  the  difficulties  and  risks 
of  repairing  and  maintaining  cables,  yet,  in  order  to  put  such  an 
undertaking  on  a  stable  basis,  a  duplicate  line  should  be  laid.  It  is 
evident,  if  the  above  considerations  be  true,  that  a  large  proportion 
of  the  annual  revenue — especially  when  there  is  only  one  cable — 
must  be  reserved,  either  for  maintenance  or  as  a  sinking-fund,  before 
the  revenue  can  justly  be  applied  to  dividend.  To  reduce  as  far  as 
jx>ssible  the  risks  peculiar  to  such  enterprises,  special  "  Trusts  "  have 
been  formed,  by  which  the  capital  of  investors  is  divided  over  several 
different  cable  undertakings. 

Submarine  cables  of  moderate  length  for  connecting  two  parts  of 
the  same  country,  may  naturally  form  part  of  one  general  national 
telegraph  system,  of  which  land  lines  may  form  the  other  and 
perhaps  greater  part.  Where,  however,  the  Government  or  other 
owners  of  the  land  lines  are  unable  or  unwilling  to  lay  a  submarine 
cable,  the  undertaking  affords  a  legitimate  opportunity  for  private 
enterprise.  In  the  case  of  international  cables,  there  are  but  few 
instances  of  the  Government  of  a  country  doing  more  than  afford 
permission  or  encouragement  to  private  capitalists.  Assistance  or 
encouragement  may  be  given  in  any  of  the  various  ways  previously 
referred  to,  or  privileges  in  regard  to  the  connection  with  existing  or 
contemplated  land  lines  may  be  granted.  In  some  cases  an  absolute 
monopoly  has  been  conceded,  which  excludes  all  other  cables  from 
being  landed  ;  but  such  a  concession,  as  being  against  public  policy, 
is  rare.  The  co-operation  of  numerous  capitalists,  through  the 
medium  of  joint-stock  companies,  is  the  almost  invariable  method  of 
conducting  these  enterprises,  which  are  too  speculative  to  justify 
large  individual  outlay. 

The  following  information  is  that  which  is  necessary  to  enable  a 
telegraph  engineer  to  decide  on  the  most  suitable  kind  of  cable ;  to 
allow  contractors  to  estimate  the  cost,  and  capitalists  to  calculate 
how  far  the  enterprise  will  be  remunerative  :^— 

1.  A  MaPj  or  chart,  showing  the  places  between  which  the  cable 
is  to  be  laid,  and  showing  any  existing  cables  which  must  be  avoided. 


Risks  of 
maintenance. 


Sinking-fund. 
Cable  Trusts. 


Private  enterprise. 


See  Faciutibs  and 

iMMUNITIBSt/dt^r  26. 

See  CoNCBSSiONs, 


MONOPOLIBS. 

See  /age  28. 
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which  to  base 

estimates. 


Chart  of  route. 
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Landins-places* 


Depth  of  water.  2.  The  Depth  of  water  will  probably  be  approximately  known  from 

the  soundings  marked  on  existing  charts ;  but  it  is  necessary  to  take 
special  soundings,  not  only  to  ascertain  the  depth  of  water,  but  to 

Nature  of  aea-bed.  discover  the  nature  of  the  sea-bed.     Abrupt  alterations  in  depth  are 

to  be  avoided,  as  also  is  a  bed  of  rocks,  or  boulders.  The  regular 
tracks  of  passing  Vessels  which  may  approach  or  intersect  the  line  of 
the  cable,  should  be  indicated,  and  any  other  particulars  furnished  by 
which  the  liability  to  damage  from  ships'  anchors  may  be  estimated. 
From  the  information  thus  obtained,  the  route  which  offers  the  most 
favourable  conditions  can  be  chosen.  Such  conditions  are  a  level  or 
undulating  bed,  composed  of  mud,  ooze,  or  sand. 

3.  Places  favourable  for  Landing  ^ov\A  be  surveyed  and  described. 
A  sheltered  bay,  a  cove,  or  estuary,  with  a  sandy  beach,  and  out  of 
the  way  of  anchoring  vessels,  is  the  sort  of  place  to  be  chosen.  It  is 
desirable  to  choose  such  a  place,  even  if  not  in  the  direct  line,  for  if 
an  increased  length  of  cable  or  land  line  is  rendered  necessary,  the 
expense  will  be  amply  repaid  by  the  safety  afforded  to  the  cable. 

4.  Information  should  be  furnished  as  to  the  Seasons  of  the  year 
most  favourable  for  laying  the  cable,  and  as  to  the  currents,  tides, 
and  winds  which  usually  prevail. 

5.  The  Land  lines  with  which  communication  must  be  made  should 
be  indicated  on  the  map,  and  the  terms  on  which  the  transmission  of 
cable-messages  and  exchange  of  traffic  over  such  lines  will  be  allowed. 

Amount  of  traffic.         6.  The  amount  of  Traffic  which  is  to  be  provided  for. 


Suitable  seasons. 


Connections  with 
land  lines. 


Telephones. 


Sonorous 
vibrations. 


Action  of 
telephones. 


The  Telephone  as  a  means  of  communication  may  be  deemed  the 
most  extraordinary  development  of  the  electric  telegraph,  and  as  such 
the  British  Government  claim  the  monopoly  of  its  use  in  the  United 
Kingdom  for  public  purposes.  But  though  the  control  and  a  first 
share  of  the  revenue  are  demanded  for  the  Post  Office,  the  actual 
working  of  the  telephones,  except  that  of  the  trunk  lines  between 
towns,  is  left  with  the  companies  which  established  them. 

The  telephone  instrument  has  been  aptly  described  as  a  speaking 
tube  capable  of  almost  infinite  extension.  Just  as  sound  is  excited 
by  the  action  of  the  vibrations  of  the  atmosphere  on  the  tympanum 
or  drum  of  the  ear,  so  in  the  transmitter  of  a  telephone  an  artificial 
membrane  or  diaphragm  vibrating  as  the  voice  agitates  the  air  in 
front  of  it,  generates  and  controls  waves  of  electricity,  which  passing 
through  an  extended  metallic  conductor  and  a  receiving  telephone 
at  the  distant  station  set  up  similar  vibrations  in  an  iron  diaphragm, 
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this  giving  out  again  in  sonorous  waves  of  the  atmosphere  the  speech 
confided  to  it. 

While  the  above  shortly  describes  the  principle  of  all  telephones 
the  actual  apparatus  for  carrying  it  out  differs  considerably  in  shape 
and  arrangement  with  different  inventors,  some  forms  being  more 
effective  than  others  in  intensifying  the  vibrations  of  the  transmitting 
and  receiving  instruments. 

A  complete  set  of  instruments  comprises:  (i)  a  transmitting  tele- 
phone, which  is  almost  invariably  of  the  "  microphonic  "  type ;  (2)  a 
magneto-electric  receiving  telephone,  preferably  of  the  **  double-pole  " 
form ;  and  (3)  signalling  apparatus.  For  the  latter  purpose,  except 
for  ver}'  short  lines,  magneto-electric  generators  have  taken  the  place 
of  the  batteries  formerly  in  general  use,  as  being  more  reliable  and 
effective.  A  complete  set  of  good  instruments  as  above  costs  from 
£y2i  'o  ;^4.  One  such  set  being  furnished  at  each  end,  the  arrange- 
ment and  cost  of  the  line  between  (if  of  a  single  wire)  is  about  the 
same  as  for  an  ordinary  electric  telegraph,  but  the  material  of  which 
the  line  is  made  is  of  even  more  importance  than  in  the  case  of  the 
telegraph,  iron  wires  seriously  interfering  with  the  distinctness  of 
speech.  Hard  drawn  copper  wire  should  be  used  for  all  important 
lines,  but  for  the  short  wires  in  towns  silicious-bronze  wire  of  about 
No.  18  S.W.G.  is  extensively  employed.  Underground  lines  should, 
as  far  as  possible,  be  avoided,  especially  on  long  lines,  as  being  par- 
ticularly unfavourable  to  the  transmission  of  speech,  owing  to  the 
high  electrostatic-capacity  of  such  wires.  Many  improvements  have, 
however,  been  effected  since  1890  in  respect  of  underground  wires, 
by  the  use  of  cables  in  which  the  insulating  material  used  for  keeping 
the  wires  apart  has  been  paper  and  dry  air.  These  improvements 
have  been  stimulated  by  the  action  of  the  municipal  authorities,  who 
have  in  many  towns  compelled  telephone  engineers  to  put  their 
wires  underground,  because  of  the  alleged  unsightliness  and  danger 
of  overhead  lines. 

Owing  to  the  extreme  sensitiveness  of  the  receiving  telephones  to 
vibratory  currents  of  electricity,  which  is  an  essential  condition  of 
their  effectiveness,  the  transmission  of  speech  (along  single  wire  lines) 
is  seriously  affected  by  extraneous  currents  which  would  not  interfere 
with  the  working  of  an  ordinary  telegraph.  Thus  where  single 
telephone  conductors  are  carried  on  poles  with  other  such  wires 
conversation,  not  intended  for  that  wire,  can  be  overheard,  and  con- 
fusing noises  are  heard,  caused  by  the  currents  due  to  the  inductive 
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action  of  the  currents  passing  through  neighbouring  conductors,  used 
for  telegraph,  electric-lighting,  electric-traction  and  other  purposes, 
and  at  times  these  noises  entirely  hinder  the  use  of  the  telephone. 
These  interferences  take  place  however  well  the  wires  may  be 
insulated  from  each  other,  and  even  if  they  are  many  feet  apart  at 
every  point  Other  noises  are  caused  by  actual  leakage  of  the  speak- 
ing, ringing  and  other  currents  from  one  line  to  another,  through 
defective  jointing  of  the  wires  and  from  several  other  causes.  To 
get  rid  of  these  annoyances  it  is  necessary  to  discard  the  use  of  the 
earth  connections  required  with  single  line  circuits,  and  to  complete 
the  circuit  by  means  of  a  second  return  wire.  In  order  to  ensure 
complete  silence  it  is  also  necessary  that  the  two  wires  constituting 
such  "metallic  circuits"  shall  be  so  disposed  that  they  shall  be 
equally  subjected  to  the  various  disturbing  causes  met  with  on  th^ 
route.  To  attain  this  object  the  wires  of  the  "  loop "  are  made  to 
twist  about  each  other  in  corkscrew  fashion.  On  overhead  lines  this 
is  accomplished  by  continually  changing  the  position  of  the  wires  on 
the  arms  of  the  poles  in  a  regular  manner,  so  that  a  complete  twist 
is  given  to  each  pair  of  wires  at  every  fourth  p>ole  along  the  route. 
Sets  of  four  wires  constituting  two  metallic  loops  are  usually  run 
together  on  this  system,  which  is  called  the  *' twist"  system  to 
distinguish  it  from  the  "cross"  system,  in  which  the  wires  are  not 
made  to  twist  about  each  other,  but  the  positions  of  the  wires  of  a 
loop  circuit  on  corresponding  arms  of  the  poles  are  changed  at 
regular  intervals,  so  that  their  average  distances  from  any  outside 
influence  is  kept  the  same.  Both  systems  are  quite  effective  when 
properly  carried  out,  but  the  latter  system  enables  the  faults  to  which 
overhead  lines  are  subject  to  be  more  easily  detected.  The  twist 
system  has  been  (1898)  exclusively  employed  by  the  British  Post 
Office  authorities,  and  the  cross  system  has  been  most  extensively 
used  in  America  and  on  the  continent  of  Europe. 

Having  a  metallic  circuit  line  between  two  points,  it  is  possible 
to  arrange  that  two  independent  telephone  circuits  can  be  worked 
by  its  means — one  the  ordinary  metallic  circuit,  and  the  other  one 
a  single  circuit  with  an  earth  return.  With  two  complete  metallic 
circuits  it  is  practicable  to  aiTange  four  separate  circuits,  three  of 
which  will  be  metallic  circuits,  and  the  fourth  an  earth  return  circuit. 
These  arrangements  are  of  importance  at  times,  but  the  difficulties 
in  the  way  of  maintaining  them  in  good  order  prevent  their  being 
extensively  employed.      Methods  are  also  in  use  by  which  lines. 
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either  single  or  double,  may  be  used  for  both  telephonic  and  tele- 
graphic purposes  at  the  same  time,  but  owing  to  similar  difficulties 
to  those  mentioned  above,  such  arrangements  have  not  been  much 
adopted. 

Unlike  the  case  of  the  electric  telegraph,  where  messages  have 
to  be  sent  to  central  offices,  the  telephone  instrument  is  domiciled  at 
the  premises  of  each  user,  to  whom  a  special  conductor  has  to  be 
set  up.  Such  direct  communication  is  adopted  as,  from  a  suburban 
factory  to  a  town  office ;  between  a  head  office  and  numerous 
branches ;  from  a  public  telegraph  office  to  a  house  or  office ; 
between  the  signal  boxes  on  railways,  and  in  other  obvious  ways. 
The  telephone  has  also  completely  displaced  the  ABC  telegraph 
instruments  formerly  used  in  branch  telegraph  offices.  The  principal 
use  of  telephones  is,  however,  in  connection  with  "  Telephone 
Exchanges,"  which  are  now  established  in  nearly  all  civilised  towns. 
From  the  "  central  offices  "  of  these  exchanges  wires  radiate  in  all 
directions  to  the  premises  of  those  subscribers  who  agree  to  pay  a 
certain  annual  subscription  (usually  in  advance).  For  this  they  are 
supplied  with  a  set  of  telephone  instruments  and  a  line,  which  the 
telephone  company  agree  to  keep  in  good  working  order.  At  the 
central  office  the  line  wires  are  all  connected  to  an  ingenious 
arrangement  called  a  "  switch-board,"  by  means  of  which  the  opera- 
tors in  attendance,  on  being  requested  through  the  telephone  by  any 
subscriber,  can  immediately  connect  his  line  to  that  of  any  other 
one,  so  that  the  subscribers  so  connected  can  converse  together 
just  as  if  they  had  a  private  telephone  line  between  their  respective 
premises.  The  convenience  and  success  of  a  telephone  exchange 
depends,  primarily,  on  the  perfection  of  the  instruments  and  con- 
ductors and  their  maintenance  in  proper  order,  so  that  the  voice 
sounds  can  be  clearly  exchanged  ;  secondly,  on  the  efficiency  of  the 
service  at  the  central  office,  so  that  at  any  time  of  the  day  or  night 
a  subscriber  may  depend  upon  a  prompt  acknowledgment  of  his  call 
and  a  connection  with  the  desired  subscriber  within  the  shortest 
possible  space  of  time ;  thirdly,  on  the  number  and  distances  away 
of  persons  with  whom  he  can  communicate.  Up  to  a  certain,  not 
well-defined,  limit,  the  expense  of  an  exchange  can  best  be  borne 
when  there  are  numerous  subscribers ;  after  such  point,  however,  the 
cost  of  working  increases  in  a  greater  proportion  than  the  number  of 
subscribers,  so  that  the  subscription  rate  is  in  most  cases — as,  for 
instance,  in  London — higher   for  connection  to  a  large  exchange 
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than  to  the  smaller  ones.  This  follows  from  the  fact  that,  as  the 
number  of  subscribers  increases,  the  greater  is  the  use  of  the  tele- 
phone by  each  one,  so  that  a  larger  proportion  of  operators  and 
more  expensive  apparatus  is  required  to  cope  with  the  extra  demand 
for  intercommunication.  The  laying  of  underground  wires,  which 
are  fast  becoming  obligatory  in  large  towns,  and  provision  of  metallic 
circuits,  also  entail  heavy  expense  in  first  cost,  but  if  properly  carried 
out  ensure  good  service  and  a  saving  in  maintenance  expenses. 
Methods  of  There  are  two  main  systems  of  working  telephone  exchanges : — 

workinsT  _ 

exchanges.        (i)  The  "Ringing"  system,  which  is  the  more  usual  one,  in  which 

a  subscriber  desirous  of  calling  the  attention  of  the  central  office, 

operates  his  ringing  apparatus,  causing  an  electric  indicator  or  drop 

shutter  special  to  his  line  to  fall  at  the  central  office,  thus  calling  the 

Csii-wire  system,  attention  of  the  operator  in  charge ;  and  (2)  the  "  Call- Wire  "  system, 

in  which  each  subscriber,  in  addition  to  being  provided  with  an 
ordinary  line  (single  or  double)  for  use  with  other  subscribers,  is 
also  provided  with  a  connection  to  a  "  call-wire,"  which  is  only  used 
for  the  special  purpose  of  communicating  with  an  operator  at  the 
central  office.  One  such  call-wire  is  common  to  from  60  to  100 
subscribers,  and  is  connected  directly  to  an  operator  who,  during 
business  hours,  is  continually  listening  for  the  instructions  of  the 
subscribers,  who,  by  merely  depressing  a  lever  on  their  instrument, 
can  at  once  get  into  direct  conversation  with  the  listening  operator. 
The  switching  together  of  the  ordinary  lines  of  the  subscribers  is 
done,  in  both  systems,  by  means  of  double-ended  metallic  cords  and 
plugs,  which  are  inserted  into  sockets  numbered  to  correspond  with 
the  subscribers  to  whom  they  are  allotted,  and  to  whose  line  they 
are  joined.  The  call- wire  system  has  been  making  much  progress 
since  1890,  as  it  possesses  several  advantages  over  the  ringing 
system,  such  as  less  cost  in  installation  and  operators,  and  quicker 
operating. 

When  a  central  office  reaches  more  than  about  400  subscribers, 

it  is  desirable,  in  order  to  prevent  mistakes  and  delays  in  connecting. 

Multiple         to  provide  what  is  called  a  **  multiple "  switch-board,  which,  by  the 

swi     -    ar  s.     ^multiplying  and  arranging  in  complete  sets  of  the  connecting  sockets 

of  one  and  all  the  subscribers,  enables  any  one  operator,  without 
moving,  to  connect  the  lines  of  any  two  subscribers,  checks  being 
provided  to  prevent  any  line  being  connected  to  more  than  one 
other  at  the  same  time.  Such  multiple  switch-boards  for  large 
centres  are  very  costly,  owing  to  the  considerable  number  of  con- 
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necting  sockets  required  (these  increasing  as  the  square  of  the 
number  of  subscribers)  and  the  labour  involved  in  fitting  up ;  but 
on  the  other  hand,  such  boards  save  much  time  and  labour  in 
operating,  thus  giving  better  service  and  enabling  the  work  to  be 
done  by  fewer  operators. 

In  large  towns  it  is  advisable,  as  far  as  practicable,  to  concentrate 
the  subscribers'  lines  into  one  central  office,  in  order  to  prevent  the 
delay  caused  in  connecting  through  other  centres,  and  to  retain  the 
advantage  of  the  multiple  board ;  but  as  the  cost  of  the  lines  in- 
creases with  their  length,  and  the  subscription  rates  increase  accord- 
ingly (beyond  a  certain  limit  of  one-half  or  one  mile),  and  may 
become  prohibitive,  it  is  generally  advisable  to  open  subsidiary 
central  offices,  these  being  connected  to  the  main  exchange  by  a 
certain  proportion  (usually  about  25  per  cent.)  of  ** junction"  lines. 
The  subscribers  connected  to  such  centres  do  not,  as  a  rule,  get  such 
good  service  as  those  on  the  main  exchange.  But  even  the  multiple 
board,  owing  to  excessive  complication  and  cost,  has  a  limit  of 
usefulness  (of  about  6000  lines),  for  which  reason,  and  in  order  to 
keep  down  the  lengths  of  lines,  it  is  found  necessary  to  increase  the 
number  of  large  central  offices  in  very  large  cities,  where  a  corre- 
spondingly large  number  of  subscribers  may  be  expected.  In 
London,  for  instance,  the  area  worked  by  the  National  Telephone  London  districts. 
Company  is  comprised  in  a  circle  24  miles  diameter,  or  about  600 
square  miles.  In  this  area  some  30  central  offices  are  established 
(1895),  ^^^  about  8000  subscribers,  these  being  arranged  in  10 
districts,  the  main  centres  of  these  being  all  joined  together  by  about 
2000  junction  lines,  for  the  purpose  of  connecting  subscribers  in  one 
district  to  those  in  another.  This  switching  through  junction  lines 
entails  loss  of  time  to  both  operators  and  subscribers,  but  this  loss  is 
reduced  to  a  minimum  by  the  general  use  of  the  call-wire  system 
between  the  operators  of  the  various  districts,  such  an  arrangement 
greatly  facilitating  the  service  on  the  junction  lines. 

When  the  various  districts  of  one  city  are  connected  as  above 
described,  the  ordinary  subscription  generally  covers  the  whole,  but 
where  towns  more  or  less  distant  are  connected  by  "  trunk  "  lines,  an 
extra  fee  has  generally  to  be  paid  for  a  connection  between  them. 
In  the  United  Kingdom  the  Government  charges  for  speaking  over 
the  trunk  lines,  provided  and  worked  by  the  Post  Office  authorities, 
are  as  follows :  for  distances  not  exceeding  20  miles,  3^. ;  between 
20  and  40  miles,  6//. ;  and  an  extra  6^.  for  every  additional  40  miles 
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or  under  for  three  minutes*  conversation.  The  National  Telephone 
Company  is,  however,  allowed  to  make  a  small  additional  charge 
when  connections  are  made  to  their  subscribers.  Monthly  accounts 
of  such  trunk  connections  are  sent  by  the  telephone  company  to  the 
subscribers  concerned,  and  the  company  are  themselves  responsible 
to  the  Post  Office  for  the  cost  of  the  connections  given,  a  commission 
of  5  per  cent,  being  allowed  them  for  the  trouble  of  collecting,  &c. 
This  arrangement  came  into  force  in  1895,  the  Government  taking 
the  trunk  line  service  entirely  into  their  own  hands  in  consequence 
of  the  supposed  loss  which  such  service  (hitherto  worked  by  private 
companies)  imposed  on  the  revenue  from  telegraph  messages.  In 
^"til!l.w°?L^*^"  order  to  provide  good  facilities  and  perfect  speaking,  the  Post  Office 

engineers  have  constructed  a  splendid  network  of  trunk  lines  joining 
together  all  the  towns  of  the  United  Kingdom.  From  Leeds,  as  a 
centre,  thick  copper  metallic-circuit  lines,  erected  on  the  twist  prin- 
ciple, radiate  to  all  the  large  towns,  the  wire  used  for  the  principal 
lines  being  0*223  inches  diameter  and  weighing  about  800  lb.  to 
the  mile.  As  underground  lines  impair  the  distinctness  of  speech, 
the  above  trunk  lines  are  placed  overhead  wherever  possible.  To 
connect  the  towns  in  Ireland,  a  submarine  cable  24  miles  long  was 
necessary.  The  results  obtained  are  remarkably  good,  but  the  cost 
of  such  a  system  of  trunk  lines  is  necessarily  very  high  (;^i, 000,000 
has  been  voted  for  the  purpose),  and  it  is  hardly  likely  they  will 
prove  remunerative  until  the  traffic  increases.  An  arrangement  has 
also  been  made  by  which  subscribers  can  telephone  messages  to  the 
central  telegraphic  offices  in  the  various  towns  for  ordinary  telegraphic 
transmission.  The  telephone  company  becomes  responsible  to  the 
Post  Office  authorities  for  the  fees  for  such  messages,  but  are  allowed 
a  commission  of  5  per  cent,  for  collection.  To  ensure  payment  of 
such  fees  by  the  subscribers,  the  latter  are  required  to  deposit  with 
the  company  a  sufficient  sum  to  cover  the  cost  of  three  months* 
messages.  A  similar  arrangement  is  sometimes  made  to  ensure  the 
payment  of  the  ordinary  telephone  trunk  line  charges.  Messages 
may  also  be  telephoned  to  a  post  office  by  subscribers  for  delivery 
by  express  messengers,  and  received  telegraphic  messages  may  be 
telephoned  to  subscribers.  These  are  all  conveniences  which  the 
subscribers  appreciate. 

In  establishing  a  telephone  system  in  a  town  or  district,  the  right 
of  way  for  the  conductors  is  the  first  essential  condition.  In  the 
United    Kingdom    there   is   seldom   much    difficulty   in   obtaining 
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permission  from  house-owners  or  occupiers  to  attach  wires  or  poles 
to  the  roofs  of  buildings.  A  nominal  rental  (usually  of  one  shilling 
per  wire  per  annum)  is  nearly  alwnys  paid  for  such  permission.  Iron 
poles  are  less  objectionable  on  roofs  than  wooden  ones,  as  requiring 
less  alteration  of  the  building.  The  noise  caused  by  the  vibrations 
of  wires  in  the  wind  is  often  objected  to  by  occupiers  of  premises 
to  which  they  are  attached,  but  this  may  be  cured  by  t'le  use  of 
"Sourdines,"  of  which  there  are  several  kinds.  If  wires  are  laid 
under  public  streets,  as  is  becoming  more  general,  permission  from 
the  municipal  authorities  is  necessary,  and  in  some  towns  such 
permission  is  also  required  for  overhead  wires.  In  many  towns  rent 
is  paid  for  permission  to  lay  wires  in  underground  conduits  built  by 
the  corporations. 

Sometimes  a  Monopoly  for  the  Telephone  Exchange  is  sought, 
and  this  may  be  granted  in  various  ways,  as  are  other  concessions  for 
purposes  which  involve  interference  with  private  rights.  In  countries 
where  exclusive  concessions  are  the  usual  means  of  establishing  all 
enterprises  of  a  public  cliaracter,  a  telephone  monopoly  appears 
natural ;  but,  in  countries  where  competition  is  more  usual,  the  only 
justification  for  an  exclusive  concession  is  the  inconvenience  to  the 
public  of  more  than  one  association  having  the  right  to  lay  wires 
along,  across,  or  under  the  public  streets,  and  of  the  subscribers  being 
almost  compelled  to  join  the  rival  systems,  unless  intercommunication  Rival  companies 
between  them  is  allowed.  If  the  terms  of  subscription  are  moderate 
and  the  service  well  performed,  there  is  neither  inducement  nor 
necessity  for  a  rival  company.  A  telephone  system  conflicts  to  a 
more  or  less  extent  with  a  telegraph,  and  where  Government  or  other 
telegraph  monopolies  are  in  existence,  special  arrangements  have  to 
be  made  for  the  establishment  of  the  new  mode  of  communication. 
In  Great  Britain  the  adoption  and  extension  of  the  telephone  were 
delayed  and  impeded  by  such  conflicts,  it  being  mainly  from  such 
impediments  (and  the  lack  of  competition)  that  the  telephone  has 
not  been  so  generally  adopted  as  in  many  other  countries.  In 
England  the  working  of  the  telephone  has  been  almost  wholly  in 
the  hands  of  one  company,  which  has  bought  up  the  licenses  of  com- 
peting rivals.  It  cannot  be  doubted  that  this  course  has  tended  to 
retard  the  introduction  of  improvements,  and  to  so  inflate  the  capital 
of  the  surviving  company  as  to  render  high  rentals  necessary  to  the 
earning  of  adequate  dividends.  It  appears  likely,  however,  that 
the  Government  will  eventually  take  over  the  entire  control  of  the 
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telephones  except  for  private  purposes,  such  absorption  being  also 
probable  in  most  other  European  countries,  in  many  of  which  the 
tranpfer  has  already  been  effected. 

l*he  annual  subscriptions  to  the  Telephone  Exchange  vary  very 
much  in  different  countries,  being  as  low  as  £^2  loj.  in  Norwegian 
towns,  and  as  high  as  £^Tfi  in  New  York  for  metallic  circuit  lines. 
In  Great  Britain  the  subscription  in  most  of  the  provincial  towns  is 
;^io,  but  in  London  it  is  ;^2o.  The  complexities  incident  to  the 
telephone  system  produce  the  curious  result  that  the  service,  con- 
trary to  all  other  enterprises,  becomes  more  costly  to  operate  as  the 
number  of  subscribers  increases.  In  London,  a  subscriber  is  able  to 
communicate  with  more  persons  than  in  smaller  cities ;  the  work  of 
the  exchange  becomes  heavier,  and  the  price  paid  is  larger  accord- 
ingly. In  some  places  a  iubscriber  pays  on  what  is  called  the  "  toll  *' 
system,  that  is,  according  to  the  number  of  times  he  uses  his  instru- 
ment, a  minimum  number  being  charged  for.  The  trouble  in  this 
system  of  checking  the  calls  is,  however,  considerable,  and  prevents 
the  advance  of  this  apparently  reasonable  method. 

A  capital  ranging  from  J[^\^  to  J[^20  per  subscriber  is  generally 
found  necessary  for  the  establishment  of  a  telephone  system,  the 
higher  amount  being  required  where  large  and  expensive  districts  are 
concerned.  The  capital  required  may,  however,  be  materially  reduced 
by  charging  the  subscribers  a  kind  of  entrance  fee  in  addition  to 
the  usual  annual  subscription.  This  plan  is  adopted  in  many  places 
on  the  Continent  of  Europe,  the  amount  var>'ing  from  J[^2  i6x. 
in  Sweden  to  JP^d  in  France.  In  any  case  it  is  usual  before  spend- 
ing money  on  an  exchange  to  obtain  provisional  promises  of  sub- 
scription, and  this  may  be  facilitated  by  granting  easier  rates  or 
even  free  trials  for  a  certain  period  to  those  who  will  lead  the  way. 
It  is  endeavoured  in  some  cases  to  extend  the  use  of  the  telephone 
by  establishing  public  call-offices  at  which  any  person  may  for  a 
small  fee  communicate  for  a  given  number  of  minutes  with  a 
subscriber.  A  facility  of  this  kind,  though  it  may  educate  the  public 
in  the  use  of  the  telephone  and  thus  attract  subscribers,  is  seldom  in 
itself  a  source  of  profit,  and  sometimes  tends  to  reduce  the  number 
of  subscribers  by  giving  facilities  which  could  not  otherwise  be 
obtained  except  by  an  ordinary  subscription. 

The  United  States  of  America  is  the  country  in  which  the 
telephone  has  been  most  extensively  employed,  and  where  the 
progress  has  been  most  rapid.    DistancpiJ  of  t.ooo  miles  and  upwards 
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are  commonly  and  successfully  spoken  over.  In  1893  there  were  Lone-disunce 
276,000  sets  of  instruments  in  use;  232,000  subscribers  to  the  1,351 
telephone  exchanges,  and  441,000  miles  of  wire  in  use,  of  which 
91,000  miles  were  in  underground  cables.  The  average  number  of 
calls  per  subscriber  per  day  was  over  8,  but  in  Chicago  they  reached 
as  many  as  24*3  per  day.  In  Great  Britain  400  miles  was  the 
practicable  limit  up  to  1896,  with  the  exception  of  the  line  from 
London  to  Paris  (occasionally  connected  to  Marseilles),  but  the 
great  improvement  in  the  trunk  lines  will  probably  allow  a  con- 
siderable extension  of  the  distance. 

[Sr^ ^ii?  Electric  Lighting:  Electric  Transmission.] 
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In  all  countries  and  dis- 
tricts bounded  by  the  sea, 
safe  harbour  accommoda- 
tion becomes  absolutely 
necessaiy.  Generally, 

large  centres  of  popula- 
tion,     commerce,      and 
manufactures  are  situated 
upon  the  banks  of  rivers, 
which  serve  as  ports  of 
The  neMMlty  for    entry  from  the  sea,  or  on  the  sea-coast  itself;  and  to  these  centres 
the  great  railways  and  roads  naturally  converge.     In  newly  settled 
countries,  river  improvements  and  harbour  construction  should  be 
undertaken  simultaneously  with  the  formation  of  railways  ;  or,  at  any 
rate,  the  internal  communications  and  the  openings  to  the  sea  should 
be  held  in  view  together,  even  if  the  works  are  not  carried  out  at 
Natunl  hu-boun.  the  Same  time.     Harbours,  either  practicable  by  nature,  or  easily  to 
be  rendered  so,  are  unused  because  the  roads  or  railways  inland  do 
not  accord ;  and   perhaps  when   it  is  attempted  to  make  use  of 
natural  advantages,  the  vested   interests  of  existing,  even  though 
inferior  harbours  whose  trade   is  supposed  to  be  threatened,  may 
Commerce        prove  too  Strong,  and  may  stifle  the  new  enterprise.     Where  vessels 
hurboun  be       have  to  anchor  in  an  exposed  roadstead ;  where  the  entrance  to  a 
river  is  rendered  difficult  of  ingress  and  egress  by  a  bar,  or  where 
Ban.  rockm.  Biid    tocks  or  sboals  obstruct  a  harbour-mouth,  the  risks  incident  to  such 
defects  have  to  be  paid  for  either  by  high  rates  of  insurance,  or  in 
the  precautions  necessary  for  safety ;  and  the  commerce  of  such  a 
port  is  greatly  weighted  in  its  competition  with  that  favoured  by  a 
convenient    harbour.      A    sheltered   anchorage,   a    safe    harbour  of 
refuge,  or  one  offering  facilities  by  ijuaj's,  wharfs,  or  floating- docks. 


Part  I] 


Harbours  and  Docks. 


117 


for  quick  despatch  of  cargo,  or  possessing  graving-docks  for  repairing 
vessels,  will  benefit  not  only  the  natural  trade  of  the  port,  but  will 
tend  to  make  the  harbour  a  port  of  call,  and  perhaps  even  make  it 
an  entrepot  of  an  extended  trade.  The  Government  or  Legislature 
of  a  country  generally  considers  it  one  of  their  duties  to  encourage, 
even  if  not  to  undertake,  such  works ;  and  so  important  is  it  that 
unity  of  purpose  and  broad  national  interests  should  alone  be  allowed 
to  prevail,  that  the  promotion  of  such  public  works  by  the  granting 
of  concessions  to  private  capitalists,  should  be  permitted  only  when 
the  above  considerations  have  been  allowed  to  have  their  proper 
weight. 

In  Great  Britain,  Parliament  has  authorised  from  time  to  time  a 
large  expenditure  of  national  funds  for  harbours  or  breakwaters 
useful  for  the  navy,  or  which  may  be  considered  as  of  national  rather 
than  of  local  importance.  The  magnificent  harbours  of  Portland, 
Holyhead,  Plymouth,  and  Dover  may  be  cited  as  examples.  Works 
of  this  kind  have  been  carried  out  in  different  ways.  Sometimes  the 
whole  is  managed  by  Government  engineers  without  the  employment 
cf  a  contractor ;  while  in  others,  contracts  are  made  either  for  all  or 
— from  time  to  time — for  portions  of  the  W(  rk.  A  large  amount  of 
harbour  and  dockyard  construction,  both  in  England  (as  at  Chatham 
and  Portland)  and  at  British  naval  stations  abroad  (as  at  Gibraltar 
and  Bermuda),  has  been  performed  by  convict  labour,  and  provisions 
for  such  service  are  occasionally  included  even  in  the  agreements 
with  private  contractors.  The  estimated  outlay  for  harbours  has 
often  been  exceeded  \  the  results  have  not  always  been  favourable ; 
and  there  has  been  a  growing  disinclination  in  successive  Parliaments 
to  vote  money  for  such  works.  The  more  recent  harbour  works 
have  been  in  connection  with  commercial  ports,  and  the  expediency 
of  granting  State  aid  to  such  undertakings  has  been  strongly  urged 
both  in  and  out  of  Parliament.  Such  aid  has,  however,  been  almost 
invariably  refused,  and  the  tendency  has  been  rather  in  the  direction 
of  permissive  legislation,  which  sanctions  the  borrowing  of  money  by 
local  authorities,  and  allows  rates  or  tolls  to  be  imposed  for  meeting 
the  interest  on  such  loans,  and  for  repaying  the  principal.  Numerous 
Acts  of  Parliament  of  the  nature  of  private  Bills  have  been  passed 
for  commercial  harbours  and  docks,  and  in  some  instances  State  aid 
has  been  afforded  in  the  shape  of  advances  from  the  public  funds,  to 
be  repaid  with  interest  in  a  term  of  years.  A  general  Act,  intituled 
the  Public  Works  Loan  Act,  specially  intended  for  harbour,  sanitary 
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and  similarly  beneficial  undertakings,  authorises  such  advances ;  but 

Loan  the  Public  Works  Loan  Commissioners,  who — subject  to  the  control 

of  the  Government  of  the  day  and  of  Parliament — administer  the 

Loans  confined  to  funds,  confine  the  loans  strictly  to  cases  where  the  harbour  works 

fishery  or  refuge     ,  ,  ./,,..• 

harbours.         have  a  more  than  commercial  value;  and  pecuniary  assistance  is 

therefore  refused  unless  the  works  appear  likely,  as  harbours  of 

refuge  or  adjuncts  of  fisheries,  to  be  a  national  benefit.     Even  under 

Reports  these  conditions  advances  are  made  only  after  reports  from  Govern- 

by  Government  ,  .  «  i        •  i     i  ,  if  r 

engineers.         ment  ebgineers  that  the  intended  works  and  the  estimates  of  cost 

are  sufficient  for  the  purpose  in  view,  and  that  .enough  revenue  will 

be  forthcoming  to  repay  the  loan.     Although  for  all  harbour  works 

of  magnitude,  authorising  Acts  of  ParUament  are  necessary,  small 

undertakings,  where  it  is  not  proposed  to  acquire  land  for  the  pur- 

Provisional  Orders  poses  of  the  works,  are  Carried  out  without  the  trouble  and  expense 

Board  of  Trade,    of  a  Special  private  Act,  under  Provisional  Orders  of  the  Board  of 

See  aizopage  9.      j^^^  already  described. 

Where  the  improvement  of  a  harbour,  or  the  construction  of  a 
dock,  is  required  for  the  special  interests  of  a  mercantile  port,  the 
Local  expenditure  works  may  be  Constructed  and  paid  for  by  local  or  municipal  capital- 
ports,  ists  if  the  expenditure  be  within  their  means ;  but  in  the  majority  of 
instances  outside  aid  has  to  be  sought.     In  such  cases  the  advantage 
to  the  town  and  to  the  mercantile  community  which  may  be  expected 
to  accrue  from  the  proposed  works,  may  be  sufficient  of  themselves 
to  justify  the  undertaking.     But  generally  it  is  sought  to  make  the 
Works  made       works  directly  remunerative  by  subjecting  vessels,  merchandise,  and 

remunerative  by  •         „        ,  .^    r      \  /•    t        • 

toUs.  occasionally  also  passengers,  to  a  tax  or  toll  for  the  use  of  the  im- 

proved accommodation.  So  much  may  the  business  and  prosperity 
of  a  town  or  port  depend  upon  harbour  and  dock  facilities  that  in 
the  absence  of  other  available  capital,  a  railway  company  which  will 
benefit  by  the  traffic  may  provide  the  necessary  funds,  and  merge 
the  capital  outlay  into  that  of  its  general  undertaking.  In  Great 
Britain  special  parliamentary  powers  are  necessary  for  such  action. 
The  revenue  from  harbours  and  docks  is  generally  levied  in  the 
Modes  of  levying    shape  of  ducs  on  vessels,  calculated  according  to  tonnage  or  draught  ; 

on  merchandise  according  to  weight,  bulk,  or  value  ;  and  on  passen- 
gers according  to  number.  It  is,  as  has  been  said,  only  where  the 
present  or  expected  trade  of  the  port  warrants  expectations  of  a 
revenue  sufficient  in  proportion  to  the  cost  to  prove  directly  remu- 
nerative as  a  separate  undertaking,  apart  from  the  indirect  advan- 
tages to  the  town  or  country,  that  capitalists  will  be  found  willing 
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to  embark  in  it  without  special  security.  In  such  case  the  money 
may  be  provided  either  by  share  subscription,  through  the  ordinary 
means  of  a  Joint-Stock  Company,  or  by  means  of  a  Harbour  Trust. 
In  the  former  case  the  net  revenue  will  be  applied  to  the  piyment 
of  a  dividend  to  shareholders,  who,  as  in  the  case  of  joint-stock 
undertakings  generally,  will  naturally  endeavour,  by  keeping  down 
expenditure  and  maintaining  high  rates,  to  obtain  as  much  profit  as 
possible.  In  the  latter  case,  the  money  is  raised  on  bonds  bearing 
a  fixed  rate  of  interest,  for  the  payment  of  which  the  revenue  of  the 
undertaking  is  pledged,  the  profits  beyond  what  is  necessary  for  this 
fixed  rate  being  applied  to  the  extension  or  improvement  of  the 
works,  sometimes  also  to  a  sinking-fund  for  the  redemption  of  the 
bonds,  and  then  to  the  reduction  of  the  tolls.  It  will  be  seen  that 
the  joint-stock  method  is  the  one  most  favourable  to  the  speculative 
investor,  while  the  harbour  trust  is  most  conducive  to  the  interests 
of  the  port  or  town.  But  as,  according  to  the  latter  system,  the 
stimulus  to  good  management  which  the  self-interest  of  shareholders 
affords,  is  wanting,  there  is  some  of  the  risk  which  always  attends 
corporate  undertakings,  of  inert  or  corrupt  management.  The 
appointment  of  capable  trustees  of  high  standing,  of  energetic  man- 
agers, and  the  publicity  of  accounts,  are  the  best  safeguards  against 
these  risks.  The  joint-stock  companies  who  own  the  Docks  of 
London,  Southampton,  Hull,  and  Plymouth,  afford  examples  of  the 
one  system ;  and  the  Clyde  Trust,  the  Mersey  Docks  and  Harbour 
Board,  the  Dublin  Board,  the  Belfast  Board,  the  Bombay  Port  Trust, 
and  the  Calcutta  Port  Trust  are  examples  of  the  other  system.  The 
lower  the  dues,  the  more  inducement  there  is  to  use  the  port ;  and 
sometimes  it  is  so  much  to  the  interests  of  the  town  or  country  to 
attract  vessels,  that  the  port  is  made  entirely  free,  and  dues  are 
charged  only  for  services  actually  rendered  in  the  shape  of  pilotage 
and  craneage;  with  sometimes  small  dues  for  lighthouses  and 
wharfage  accommodation. 
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In  foreign  countries,  where  there  are  not  the  same  facilities  as  in 
England  for  obtaining  money  from  private  capitalists,  the  Govern- 
ment has  to  assist  either  by  subsidies,  guarantees,  or  concessions. 
A  harbour  or  dock  may  form  the  subject  of  a  concession  granted  to 
those  who  will  furnish  the  capital  and  perform  the  works ;  certain 
rights  will  then  of  course  be  demanded,  and  the  various  kinds  of 
engagements  under  which  the  works  may  in  this  way  be  undertaken 
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have  been  already  described.  The  concession  may  grant  either 
mere  permission,  or  facilities,  or  subsidy,  or  monopoly,  or  guarantee  ; 
and  the  precise  terms  of  such  engagements  are  of  course  a  matter 
for  special  arrangement  in  each  particular  case.  Whatever  be  the 
financial  conditions  on  which  such  works  are  undertaken,  the  assist- 
ance of  a  competent  engineer  is  of  course  necessary,  and  there  are 
engineers  who  have  made  the  construction  of  harbours  and  docks 
their  especial  study. 
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Some  of  the  finest  harbours  in  the  world  are  those  provided  by 
nature,  and  even  where  not  complete,  they  in  many  cases  require 
little  alteration  to  render  them  commodious  and  safe.  The  removing 
of  a  few  rocks,  the  dredging  of  a  channel  or  basin,  the  extension  or 
alteration  of  a  natural  breakwater,  the  construction  of  a  jetty  or  quay, 
may  be  all  that  is  needed ;  and  such  works  may  often  be  carried  out 
at  a  comparatively  moderate  cost  Even  where  expensive  works  will 
eventually  be  needed,  a  moderate  outlay  in  the  first  instance  for 
protective  works  may  so  encourage  and  extend  trade  as  to  provide 
funds  later  on.  In  other  cases  the  works  may  be  of  such  magnitude, 
or  so  difficult,  that  only  contractors  with  exceptional  resources  or 
ability  can  venture  to  attempt  them.  The  difficulty  of  estimating 
exactly  the  cost  of  projected  harbour  works  often  renders  it  impos- 
sible to  make  a  satisfactory  contract  for  the  whole  undertaking,  and 
separate  contracts  must  be  made  from  time  to  time  as  the  works 
proceed,  or  the  works  must  be  carried  out  directly  under  the  super- 
vision of  the  engineer,  without  the  intervention  of  contractors.  In 
colonies  or  distant  countries  this  course  is  in  many  cases  expedient, 
even  where  not  absolutely  necessary ;  for  where  only  few  contractors 
are  able  and  willing  to  tender,  and  where  unknown  contingencies 
have  to  be  provided  for,  contractors'  estimates  will  often  be  much 
higher  than  the  actual  expenditure  which  need  be  incurred  by  the 
superintending  engineer. 

As  a  rule,  bays  and  indentations  of  coast-line  offer  the  best  sites 
for  harbours,  and  in  such  cases  advantage  should  be  taken  of  the 
shelter  afforded  by  natural  headlands,  to  enclose  the  greatest  area  of 
deep  water  within  the  works.  Provision  may  sometimes  even  be 
made  for  utilising  the  quarry  space,  from  which  the  stone  is  obtained 
for  forming  the  sheltering  breakwater  or  pier,  by  subsequently  convert- 
ing it  into  a  floating  basin,  as  was  done  in  the  case  of  the  harbour 
and  dock  works  constructed  at  Table  Bay,  Cape  of  Good  Hope. 
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Rivers  afford  the  readiest,  and  on  the  whole,  perliaps,  the  most 
satisfactory  sites  for  trade  centres ;  but  they  have  their  drawbacks  in 
the  shape  of  swift  currents  as  well  as  of  bars  and  shoals,  which  not 
unfrequently  require  costly  remedial  and  corrective  works,  in  order 
to  render  navigation  constantly  practicable.  The  deepening  and 
regulating  of  rivers,  therefore,  may  be  included  amongst  harbour 
works.  Rivers  with  wide  estuaries  flowing  through  a  flat  country  into 
the  sea,  have  a  diminished  velocity  as  their  area  extends,  and  the 
alluvium,  sand,  or  other  solid  matter  held  in  suspension  is  deposited 
at  the  bottom  of  the  stream,  forming  thus  deltas,  and — by  the  com- 
bination of  the  tide  and  seas — bars  also,  which  greatly  obstruct  the 
navigation.  Examples  of  this  are  afforded  by  the  deltas  of  the  Nile, 
the  Thames,  Mersey,  Danube,  Rhone,  and  Mississippi,  and  in  these 
cases  artificial  works  of  great  magnitude  are  necessary  to  clear  away 
the  obstructions,  either  directly  by  dredging,  or  by  removing  the  cause 
of  them,  and  preventing  their  recurrence.  Where  the  mouth  of  a 
river  appears  hopelessly  obstructed,  artificial  canals  are  sometimes 
cut  to  the  sea,  as  on  the  Nile,  and  the  boat  canal  on  the  Rhone. 
In  other  cases,  such  as  the  Thames,  banks  or  sea-walls  are  built,  to 
confine  the  river  to  a  narrow  course,  thus  also  reclaiming  large  tracts 
of  land  for  tillage ;  as  a  third  method  by  building  piers  at  the  river's 
mouth  to  narrow  the  channel  and  accelerate  the  current,  as  has  been 
done  successfully  at  Tynemouth ;  or,  again,  by  the  construction  of 
training-walls,  dykes  or  levees  (not  necessarily  higher  than  the 
surface  of  the  water),  which,  by  narrowing  the  real  channel,  increase 
the  velocity  of  the  current  and  diminish  the  deposits.  This  plan 
has  been  carried  out  with  great  success  at  the  principal  navigable 
mouth  of  the  Mississippi.  The  theory  by  which  these  operations  are 
justified  is  to  some  extent  explained  by  an  opposite  case,  where  a 
river  flowing  between  high  banks  into  the  sea  retains  to  the  last  its 
velocity  of  current.  Dartmouth  Harbour,  in  Devonshire,  affords  an 
example  of  this  kind,  the  river  Dart  (which  forms  the  harbour  near 
its  mouth)  flowing  into  the  sea  between  steep  and  rocky  shores.  The 
Dart  has  no  bar,  although  it  brings  much  inland  water  with  alluvium 
in  suspension  to  the  sea. 
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There  is  probably  no  branch  of  engineering  science  which  presents  Marine  stmctures 
so   many   difficulties  as  that  which  deals  with  marine  structures. 
Difficult,  or  all  but  impossible,  however,  as  some  proposed  harbour 
works  may  appear,  the  facilities  afforded  by  modern  science  are 
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almost  unlimited ;  and  in  battling  with  the  winds  and  waves,  there 
are  modern  mechanical  devices  and  helps  available,  of  which  the 
following  may  be  specially  mentioned  as  important,  viz.  Concrete  or 
Beton ;  Dredgers ;  special  Steam  and  Hydraulic  machinery ;  Diving 
apparatus ;  and  improved  Explosives. 

It  may  be  truly  said,  that  the  introduction  of  Portland  Cement^ 
and  of  the  improved  concrete  or  beton  which  its  use  affords,  have 
revolutionised  the  art  of  marine  construction.  In  the  earlier  building 
of  harbours  and  breakwaters,  great  expense  was  incurred  in  the 
working  and  carrying  of  blocks  of  stone ;  and  very  frequently  all  the 
efforts  of  the  engineer  in  this  respect  were  nullified  by  the  destructive 
force  of  the  waves.  Now,  the  materials  for  manufacturing  concrete 
are  brought  easily,  expeditiously,  and  cheaply  to  the  site,  and  are 
there  either  deposited  in  situ,  or  are  formed  into  huge  blocks,  which 
presently  become  as  hard  and  durable  as  stone.  In  the  earlier 
employment  of  this  material  by  the  French  engineers,  blocks  of 
ten  to  fifteen  tons  were  deemed  large  :  now,  blocks  of  thirty  tons  are 
tossed  into  the  sea  by  the  thousand,  and  others  of  all  sizes  up  to, 
or  even  beyond,  300  tons  in  weight  are  built,  conveyed,  or  deposited 
wherever  they  are  needed,  and  homogeneous  walls  of  any  length  can 
be  constructed.  It  may  almost  be  said  that  the  power  of  the  waves 
has  in  this  respect  at  least  been  conquered,  for  although  in  a  few 
specially  exposed  situations  the  heaviest  blocks  have — as  at  Wick,  in 
Scotland — been  shifted,  breakwaters  and  sea-walls  can  now  be  built 
of  a  strength  and  durability  never  possible  before.  The  engineer  to 
the  Dublin  Ballast  Board  successfully  constructed  the  underwater 
portion  of  a  sea-wall  on  the  river  Liffey  by  means  of  blocks  of  concrete 
and  rubble,  each  weighing  350  tons,  which  were  built  on  a  working 
floor,  and  afterwards  placed  in  position  with  the  greatest  ease  and 
nicety  by  a  highly  ingenious  floating  shears,  which  he  designed  for 
the  purpose.  Blocks  of  concrete,  each  of  70  tons  in  weight,  were 
(1876-7)  employed  to  form  the  foundations  of  a  breakwater  at 
St.  Helier's,  Jersey;  and  at  the  Aberdeen  Harbour  Works,  con- 
tinuous walls  or  masses  of  concrete  have  been  formed  in  situ. 
Continuous  homogeneous  walls  can  be  cheaply  constructed  of 
concrete,  for  dock,  quay,  or  other  walls,  in  cases  where,  if  stone 
or  brickwork  alone  were  available,  the  high  cost  would  forbid  the 
work  altogether.  Hollow  cylinders  of  concrete  have  also  been  sub- 
stituted with  economy  for  iron  cylinders  in  the  foundations  of  river 
and  wharf  walls,  on  the  Clyde,  the  Thames,  and  at  St.  Lucia  in  the 
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West  Indies.  There  would  appear  to  be  practically  no  limit  to  uses 
for  which  this  comparatively  modem  material  may  be  successfully 
employed,  where  ballast  or  other  substance  for  concrete  is  plentiful. 
Although  Portland  cement  has  been  in  use  a  sufficient  number  of 
years  to  give  certain  proofs  of  its  durability,  great  care  is  necessary 
in  the  choice  of  the  materials  for  the  concrete,  in  the  thoroughness  of 
the  mixture,  and  in  the  manner  of  depositing  it.  For  while  concrete 
entirely  submerged  may  remain  unchanged,  that  which  is  liable  to 
alternate  dryness  and  moisture,  and  to  the  percolation  of  salt  water, 
as  by  the  ebb  and  flow  of  the  tide,  may,  under  certain  circumstances, 
suffer  a  chemical  change  injurious  to  the  binding  power  of  the 
cement  But  with  suitable  materials  properly  applied  the  water 
cannot  percolate,  and  there  need  be  then  no  fear  for  the  permanent 
durability  of  concrete  structures  in  the  sea. 

Improvements  in  Dredging  machinery  have  greatly  facilitated 
harbour  work  and  river  improvement  The  cost  of  dredging  and  of 
depositing  have  been  so  much  reduced,  that  instead  of  the  training- 
walls  and  groynes  formerly  considered  necessary  for  directing  the 
current  so  as  to  scour  and  deepen  the  river-bed,  it  is  now,  in  many 
cases,  cheaper  to  dredge  away  the  banks  or  deposits  which  obstruct 
the  tidal  flow,  and  by  periodical  dredging  to  maintam  a  navigable 
channel  In  the  majority  of  cases,  the  sea  is  available  for  depositing 
the  dredged  material,  which  can  be  conveyed  either  by  steam  hopper 
barges,  or  in  hopper-chambers  formed  in  the  dredger  itself.  The 
remarkable  improvements  effected  in  the  rivers  Clyde  and  Tyne  are 
the  results  of  judicious  and  extensive  dredging,  combined  with  the 
removal  of  inconvenient  bends  in  the  river's  course. 

The  modem  improvements  in  Hydraulu  machinery  have  nowhere 
been  more  successfully  employed  than  in  the  mechanism  of  dock 
gates  and  cranes,  in  regard  to  which  there  is  now  hardly  any  limit  of 
size  and  weight  For  the  quick  loading  and  discharging  of  steamers, 
steam  or  hydraulic  cranes  are  indispensable,  and  experience  has 
shown  that  to  meet  the  varying  positions  of  the  hatch-ways  of 
different  steamers,  the  cranes  should  be  movable,  except  those 
intended  for  only  occasional  use  in  lifting  very  heavy  weights. 

The  facilities  with  which  Diving  operations  may  now  be  carried 
on  whether  by  diving  bells,  air  caissons,  or  cylinders  with  air-locks, 
or  with  the  more  general  diving-dress,  admit  of  the  adjustment  of 
work  under  water,  within  certain  limits  of  depth,  with  the  greatest 
nicety,     llie  quay-walls  at  Antwerp,  the  foundations  of  the  Forth 
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Bridge,  and  the   harbour  extension  works  at  Dover  are  notable 
examples  of  works  carried  out  by  these  means. 

The  construction  of  breakwaters  below  low-water  has  been  much 
facilitated  by  these  aids,  as  material  can  now  often  be  applied  with 
more  economy  and  effect  in  those  situations  where  formerly  vast 
quantities  of  stone  had  to  be  tipped  into  the  sea,  so  that  the  slope 
of  the  breakwater  might  be  finally  arranged  by  the  waves.  The 
advantages  of  the  "  long  slope  "  and  the  "  vertical  wall "  systems  of 
construction  are  now  better  understood,  and  can  be  more  easily 
compared,  than  formerly;  but  in  estimating  the  cost  of  projected 
works,  it  is  very  difficult  to  make  a  fair  comparison  with  previous 
undei takings,  even  of  an  apparently  similar  kind.  The  depth  of  the 
water,  the  frequency  of  rough  weather  which  may  limit  the  hours 
of  working,  and  the  contiguity  of  suitable  materials  for  concrete, 
are  among  the  secondary  incidents  by  which  the  actual  cost  is 
determined.  The  range  of  expenditure  is  very  great:  in  inland 
or  sheltered  seas,  where  the  circumstances  enumerated  above  are 
favourable,  sea* walls  or  breakwaters  have  been  made  at  rates  of 
from  ^30  to  ;£ioo  per  lineal  foot,  while  for  large  breakwaters  in 
exposed  situations,  such  as  Portland,  PJ)rmouth,  Holyhead,  Cher- 
bourg, and  Dover,  an  expenditure  of  from  ;^ioo  to  ^3^350  per  lineal 
foot  has  been  incurred.  At  the  new  harbour  of  Dover,  by  means  of 
advanced  pier  work  resting  on  steel  piles  which  support  girders  and 
a  travelling  crane  above  the  reach  of  the  waves,  concrete  blocks 
shaped  so  as  to  dovetail  into  each  other  have  been  lowered  on  to  the 
sea-bed  by  the  aid  of  a  large  diving  bell  capable  of  holding  four  men. 
Steam-drills  and  diamond  rock-drills,  and  the  improved  Explosives^ 
dynamite  and  gelatine,  all  act  as  aids  to  the  accomplishment  at 
moderate  cost  of  subaqueous  operations. 

But  with  all  the  aid  afforded  by  these  modern  inventions,  the 
ingenuity  of  engineers  and  contractors  is  taxed  to  the  utmost  to 
devise  means  of  overcoming  new  difficulties.  Unlike  railway  and 
similar  works,  it  is  almost  always  necessary  in  sea  work  to  devise 
special  tools  or  plant,  adapted  to  meet  the  exigencies  of  each  par- 
ticular case.  Temporary  staging  may  be  needed,  and  yet  staging, 
owing  to  the  force  of  the  waves,  or  the  nature  of  the  sea-bed,  may 
appear  impossible.  Dredging  may  be  necessary,  apparently  of 
insurmountable  difficulty ;  weights  may  have  to  be  lifted  beyond  the 
power  of  any  existing  crane.  Perhaps,  nowhere  is  the  application 
of  mechanical  contrivance  to  constructional  work  better  exemplified 
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than  in  the  special  cranes,  or  setting-machines,  used  in  harbour  concrete  setung 
works,  where,  with  an  overhanging  arm  of  eighty  feet,  blocks  of 
fifty  tons  are  deposited  anywhere  within  an  all-round  traverse.     By 
means  of  an  overhanging  crane  (sometimes  called  a  "  Titan ")  the  cranes, 

breakwater  at  Kurrachee  was  advanced  700  feet  in  less  than  four  seepaiesxxtb>%o^ 
months;  and  the  same   appliances  were  afterwards  used  at  the 
Madras  harbour  works.      At  Colombo,  Ceylon,  950  ft.  of  break- 
water, consisting  mainly  of  33-ton  concrete  blocks,  were  set  in  six 
months  during  the  favourable  or  north-east  monsoon. 

The  construction  of  Docks  may  be  considered  as  subsidiary  to 
the  greater  works  of  harbours,  but  the  increasing  shipping  trade  of 
the  world  is  rendering  them  in  most  countries  hardly  less  necessary 
for  the  purposes  of  international  commerce.  In  countries  like  those 
bordering  on  the  Mediterranean,  where  there  is  little  or  no  tide, 
basins  and  quays  open  to  the  sea  may  alone  be  necessary,  but  in 
those  countries  where  the  rise  and  fall  of  tide  are  considerable, 
docks  with  systems  of  locks  and  gates  are  needed.  On  tidal  seas 
or  rivers  the  level  of  the  water  in  the  dock  is  generally  that  of 
ordinary  high  tide,  and  in  the  case  of  docks  situated  on  muddy 
rivers  such  as  the  Thames,  the  Humber,  and  the  Severn  estuary, 
considerable  expense  is  incurred  in  periodical  dredging  to  maintain 
a  proper  depth.  On  tidal  rivers,  where  there  is  an  ample  supply  of 
land  water  to  replenish  the  dock  it  may  be  best  to  maintain  the  level 
in  the  dock  at  a  higher  level  than  the  highest  tide,  and  to  let  vessels 
in  and  out  by  locks.  By  this  means  an  inward  flow  of  water  which 
would  deposit  mud  is  avoided,  and  the  outward  flow  flushes  or  scours 
the  dock.  In  the  case  of  rivers  where  the  lift  of  tide  is  not  great, 
vessels  may  be  accommodated  alongside  the  river  walls,  as  at 
Glasgow,  Newcastle,  Belfast,  Dublin,  and  Melbourne,  the  necessity 
for  dock  works  not  being  felt  until  the  shipping  traflic  has  increased 
beyond  what  the  river  frontage  carl  receive.  In  England  the  docks 
of  London,  Liverpool,  Hull,  Grimsby,  Cardiff,  Newport,  Leith,  and 
other  of  the  principal  ports,  afford  examples  of  engineering  enter- 
prise and  skill,  carried  out  by  private  capitalists,  second  only  in 
extent  and  value  to  railways. 


Mud  depobit. 


Dredging. 


Scouring. 


Examples  ot 
modern  docks. 


The  following  information,  inter  aiia^  is  necessary  to  the  design  of 
harbour  works,  and  it  will  be  seen  that  the  particulars  described  are 
mostly  matters  of  fact,  which  can  be  ascertained  by  local  engineers 
or  surveyors.     On  the  basis  of  such  information  the  salient  points  of 
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a  design  will  probably  present  themselves  at  once  to  the  engineer, 
and  if  not  able  without  more  inquiry  to  propound  a  complete  scheme, 
he  can  generally  give  useful  preliminary  suggestions  as  to  method 
and  cost ;  and  will  be  able  to  select  at  once,  with  a  view  to  a  com- 
plete elaboration  of  his  ideas,  those  out  of  a  multitude  of  facts  which 
demand  fuller  investigation  and  inquiry. 
The  information  required  is  as  follows : — 

1.  A  Survey  or  chart  of  the  coast  at  and  near  the  site  of  the 
proposed  harbour  or  docks,  including  a  complete  set  of  soundings. 

2.  The  maximum  rise  and  fall  of  Tides ;  the  nature  of  the  sea- 
bed as  ascertained  by  borings,  with  any  corroborative  information 
obtainable  as  to  strata  near  the  shore ;  the  suitability  of  the  bed  for 
dredging,  pile-driving,  building,  and  anchorage.  As  the  character 
of  the  proposed  works  may  be  determined  from  this  information, 
the  above  parciculars  cannot  be  too  full  or  precise. 

3.  The  existence  of  any  Quicksands^  travelling  shingle,  or  sand 
in  suspension,  and  the  direction  of  the  tidal  or  river  currents  should 
be  noted ;  and  the  movements  which  have  taken  place  in  preceding 
years  should  be  described,  as  well  as  any  advance  or  recession  of  the 
sea  line. 

4.  The  prevailing  Winds  and  the  lines  of  greatest  exj)osure 
should  be  described,  as  well  as  the  nature  and  effect  of  hurricanes 
which  have  been  known  to  occur,  and  (in  the  case  of  a  bay  or  gulf) 
the  length  of  "  fetch "  from  head  to  head,  or  point  to  point.  The 
winds,  seasons,  or  tides  most  favourable  to  entering  or  leaving  the 
river,  or  existing  harbour,  and  the  reasons  which  may  have  suggested 
new  harbour  works.  The  proportion  of  fine  to  rough  weather 
which  is  usual  in  the  year,  so  far  as  it  may  determine  the  number  of 
working  days  for  sub-aqueous  operations.  Information,  such  as  can 
be  obtained  from  local  pilots,  as  to  vessels  making  and  leaving  the 
harbour  or  coast.  The  distance  to  which  it  is  desirable  that  harbour 
lights  or  beacons  should  be  visible. 

5.  The  build,  tonnage,  and  Draught  of  vessels ,  which  are  to  be 
accommodated  in  the  harbour ;  the  harbour  facilities  already  exist- 
ing ;  the  manner  adopted  for  landing  goods. 

6.  A  Map  of  the  town  or  buildings  which  exist,  or  are  to  be  built 
near  the  harbour,  with  the  levels  of  such  roads,  railways,  rivers,  or 
canals  as  would  have  to  be  considered  in  arranging  the  landward 
approaches  to  the  harbour. 

7.  The  presence  of  Rocks,  boulders,  old  foundations,  or  other 
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obstructions  to  piles  or  stonework,  should  be  indicated  and  de- 
scribed. The  kind  of  vehicles  which  will  come  upon  the  quays  or 
piers,  with  the  amount  of  their  loads,  and,  if  railway  lines  are 
intended,  the  weight  and  size  of  the  engines  and  rolling  stock. 
The  descriptions  of  goods  which  will  have  to  be  landed  or  shipped,  Traffic  on  quays, 
so  far  as  this  may  affect  the  number  and  kind  of  cranes  or  other  ^j^^l^'^lg^^^^; 
machinery.  Crakes.  >v*  79^ 

8.  The  system  of  Dredging^  if  any,  which  may  have  been  used  Svstems  of 
in  the  locality,  and  with  what  success;  and  the  distance  to  which  setpage^i-^. 
dredged  material  must  be  taken  to  the  sea  or  estuary. 

9.  If  docks  are  intended,  deep  and  accurate  Borings  should  be     information  for 
made  to  ascertain  the  nature  of  the  strata,  and  the  presence  of 

springs  or  streams  which  may  interfere  with  excavation  or  building 

operations.    Also  whether  the  river  or  other  land-water  above  the  level       seepage  i?s. 

of  the  tide  may  be  depended  on  to  supply  the  dock  independently 

of  water  from  outside.     The  maximum  size  of  the  vessels  which  will     Depth  of  water 

and  quay  space. 

enter;  the  depth  over  the  dock-cill  which  it  is  desirable  to  attain, 
and  also  the  amount  of  quay  space  required. 

10.  The    existing    facilities    for  Landing   materials,    plant    or  Landing  facilities, 
machinery,  such  as  may  be  needed  for  the  new  harbour  works.  '' A»^  74- 

n.  Local  information   as  to   Climate^  building  materials,  and  cumate. 

labour,  such  as  has  been  already  described,  so  far  as  they  would  apply 
to  new  harbour  works.  Special  information  as  to  the  kind  of  stone 
and  hydraulic  lime  or  cement  most  easily  procurable,  either  as  suit- 
able for  face-work,  rubble,  or  concrete ;  the  existence  or  otherwise  of  Buiidinar  materials 

and  labour. 

ballast  or  clean  shingle  and  sand  for  concrete ;  the  kind  of  timber        ^eepagej^ 
obtainable  in  the  country  suitable  for  piles  and  staging ;  with  infor- 
mation as  to  the  effect  of  marine  worms,  white  ants,  climate,  or  other     Marine  worms, 
destructive  agencies  upon  different  kinds  of  timber. 

12.  The  Conditions  under  which  the  new  works  are  to  be  con-     .?**  Concessions. 
structed,  the  terms  of  the  concession,  the  methods  intended  of  raising 
capital  and  applying  revenue,  and,  generally,  information  on  this 
point  already  referred  to. 

The  construction  of  a  Pier  for  landing  goods  or  passengers  is  Landing-piers, 
an  undertaking  somewhat  akin  to  that  just  described  of  making  a 
harbour,  and  the  pier  often  forms  part  of  the  larger  enterprise.  It 
sometimes  happens,  however,  that  a  harbour  is  not  needed  or  cannot 
be  afforded,  and  a  pier  alone  is  constructed.  Where  the  water 
shallows  very  gradually  to  the  shore,  and  where  no  accommodation 
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exists  for  bringing  vessels  alongside  a  quay,  the  inconvenience  is 
very  great,  for  ships  have  then  to  anchor  some  distance  from  the 
land ;  goods  have  to  be  brought  ashore  in  lighters,  and  passengers 
landed  in  boats.  The  prosperity  of  a  province  or  district  or  town 
may  depend  upon  facilities  for  shipping  merchandise  and — though 
generally  in  a  less  degree — on  facilities  for  landing.  Especially  in 
Seepage  353.       regard  to  minerals,  mines — otherwise  valuable — may  be  commercially 

unworkable  without  access  to  expert  vessels.  In  such  a  case  when 
a  pier  gives  life  to  a  trade  otherwise  impossible,  those  who  embark 
capital  in  its  construction  may  legiriraately  require  a  liberal  and 
preferential  return. 

Modern  faciiitie*         The  coustruction  of  landing  piers  has  been  facilitated  by  the 

pier-construction,    various  modem  improvements  in  sub-aqueous  foundations.     Those 

specially  applicable  are  screw-piles  and  cylinder  supports,  which  are 

Screw-piles  and    "^0^  fully  described  in  another  chapter.     Screw-piles  will  penetrate 
s^ep^T^         almost  every  kind  of  stratum  except  rock,  and  when  properly  inserted 

and  braced  are  very  stable;  they  do  not  occupy  much  space  in 
proportion  to  their  strength,  and  their  rounded  surfaces  offer  but 
slight  resistance  to  the  waves.  Accumulated  experience  in  regard  to 
marine  structures  has  taught  engineers  that  it  is  easier  to  avoid  the 
force  of  the  waves  than  to  resist  them.  Except,  therefore,  in  those 
cases  where  a  breakwater  is  required,  a  landing-pier  is  best  made  of 
open  framework.      Everything  hollow  or  angular  in  the  structure, 

Resistance  to  the  which  aflfords  a  hold  to   the  waves,  should  be   avoided   as   far  as 
^ avoided.^       possible,  for  the  mere  difference  between  an  angle  bar  and  a  round 

bar  is  in  this  respect  very  great.  Groups  of  piles  or  columns,  if 
properly  braced  together,  have  enormous  strength  to  support  a  load, 
and  at  the  same  time  present  but  little  surface  to  the  waves ;  and  if 
suitably  strutted  and  protected  by  fender-piles,  such  structures  will 
resist  also  the  rolling  of  vessels  due  to  any  but  the  roughest  weather. 
Landings  and  All  horizontal  landings  or  staircases  which,  as  in  tidal  structures,  will 
s  atrcases.         ^^  reached  by  the  sea,  should  have  openings  to  let  the  waves  pass 

through,  and  the  deck  or  platform  of  the  jetty  must  be  so  high  as 
never  to  be  beaten  by  waves  from  below,  or  it  will  be  liable  to 
destruction, 
pjer.heads.  The   pier-head   is  generally   widened   out,  and,    because   more 

exposed,  the  supports  are  closer  and  more  strongly  braced  than 
in  the  other  part  of  the  structure.  In  situations  exposed  to  heavy 
winds  or  rough  seas,  the  pier-head  should  be  so  designed  that  vessels 
can  be  moored  in  a  j)osition  to  leeward  of  the  weather,  whatever 
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be  the  direction  of  the  wind  or  tide.  The  principal  risk  is  from  the 
collision  of  vessels. 

As  in  the  great  majority  of  cases  the  spans  of  a  landing-pier  are 
of  moderate  size  and  the  loads  not  excessive,  the  individual  supports 
are  not  required  to  be  of  great  strength ;  so  that  columns  and  screw- 
piles  of  small  diameter  are  used  more  frequently  than  in  bridges. 
For  piers,  however,  at  which  vessels  are  loaded  and  discharged ;  on 
which  strong  cranes  have  to  be  fixed,  or  railway  waggons  and 
locomotives  carried ;  and  especially  when  it  is  also  desirable  to  have 
the  supports  few  and  far  between,  large  cylinders,  columns,  or  groups   Piers  and  bridges 

coxxipAreda 

of  piles  are  used  for  the  foundations  in  the  same  way  as  is  necessary 
for  bridges.  But  while  the  steel  work  of  a  pier  resembles  very  much 
in  kind  and  cost  that  of  a  bridge,  the  erection  on  the  site  is  often 
more  troublesome  and  expensive.  The  staging,  rafts,  or  boats,  which 
can  be  used  without  difficulty  in  the  construction  of  river  foundations,       R*»i'»  during 

■'  '  erection. 

are  in  the  sea  often  exposed  to  violence  from  the  winds  and  waves, 
and  during  stormy  weither  to  collisions.  Special  precautions  become 
necessary  for  the  protection  of  the  structure  during  progress,  and, 
despite  these,  the  work  is  often  altogether  stopped  in  stormy 
seasons. 

Where  a  pier  is  constructed  for  the  purely  utilitarian  purposes  of 
landing  and  embarking  passengers  and  goods,  the  undertaking  is — 
so  far  as  the  investment  of  capital  is  concerned — in  the  same  category 
as  harbours,  and  the  capital  can  be  raised  and  a  revenue  obtained  in  Pier  Companies, 
the  same  way.  There  is,  however,  the  important  difference  that  a 
landing-pier  is  generally  a  much  smaller  undertaking  than  a  harbour, 
and  is  therefore  more  within  the  means  of  local  capitalists  or  of 
private  joint-stock  companies. 

Where  it  is  required  that  a  pier  shall  act  as  a  mole,  or  sea-wall  Breakwaters, 
or  Breakwater,  a  much  stronger  structure  is  required,  and  if  an  iron 
framework  is  still  preferred,  heavy  stone  or  concrete  work  should  be 
placed  behind  and  between  the  ironwork,  to  which,  if  necessary,  a 
smooth  surface  of  iron  plates  can  be  attached  to  take  the  first  shock 
of  the  waves.  But  generally,  where  a  solid  pier  is  wanted,  it  is  built 
entirely  of  masonry  or  concrete  blocks,  though  even  in  this  case 
screw  and  other  piles  are  very  useful  as  an  advance  work  or  staging, 
from  which  the  more  permanent  structure  can  be  built  as  at  Dover. 
The  unwillingness  of  English  manufacturers  to  erect  bridges  abroad  see paget  so  &>  xz^. 
applies  equally  to  landing-piers. 

During  the  fifty  years  ending  1897  a  great  number  of  promenade 
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Promenade  piers,    piers  have  been  constructed  on  the  English  coasts,  generally  at  some 

cost  between  ;^5ooo  and  ^30,000,  and  they  have  in  the  majority  of 
cases  proved  highly  remunerative,  although,  partly  by  the  desire  for 
cheapness,  and  partly  through  want  of  skill  in  their  design,  many 
of  such  piers  are  not  sufficiently  strong  to  withstand  the  heavy 
stonns  which  may  periodically  be  expected,  and  there  have  been 
numerous  failures,  some  of  them  disastrous.  Having  been  constructed 
with  only  a  slight  margin  of  safety,  insufficient  attention  to  inspection 
and  repairs  has  rendered  them  unable  to  bear  a  maximum  load  or 
stress  of  weather.  At  a  watering-place,  where  the  visitors  have  much 
leisure  time,  a  pier  is  sure  to  be  welcomed,  and,  if  well  situated, 
generally  proves  the  favourite  place  for  redezvous  and  promenade.  A 
Coat  of  pier,  once  properly  constructed,  does  not  cost  much  for  maintenance 

if  a  system  of  inspection  and  renovation  be  established  from  the 
commencement,  and  even  a  small  revenue  will  go  far  in  paying 
interest  on  capital.  Where  a  promenade  pier  is  proposed  for  a  town 
already  well  frequented,  and  where  a  remunerative  revenue  may 
be  expected  from  the  commencement,  capitalists  may  be  willing  to 

Capital  provided  in  provide  the  means  for  building  it ;  but  where  the  pier  is  wanted  to  aid 

in  the  development  of  a  seaside  resort  with  only  a  small  population, 
then  the  landholders  and  householders  in  the  town  and  vicinity  must 
provide  a  considerable  portion  of  the  funds.  And  as  these  locally 
interested  persons  will  have  the  indirect  advantages  of  the  under- 
taking, they  must  be  content  to  allow  the  outside  capitalists  who  may 
join  them  a  preferential  interest.  For  instance,  if  two-thirds  of  the 
capital  be  provided  in  the  district  benefited,  a  contractor-capitalist 
may  be  willing  to  furnish  the  remainder  if  he  has  as  security 
debentures  with  a  first  charge  on  the  revenue. 

Information  To  enable  an  engineer  to  make  a  suitable  design  for  a  landing- 

necessary.  °  .  .   .     ,     ,      1 

pier,  and  a  contractor  to  estimate  the  cost,  it  is  absolutely  necessary 

that  sufficient  information  of  the  kind  enumerated  in  the  following  list 

be  furnished.     The  expense  incurred  in  obtaining  these  preliminary 

Pyrticuiara        particulars  will  be  amply  repaid,  for  unless  based  on  actual  facts,  any 

so-called  estimate  of  cost  is  fallacious. 

Plan  of  site  and  I.  A  Fiafi  of  the  site,  showing  the  coast-line,  the  position  pro- 

posed for  the  jetty,  its  length  and  width,  and  the  land  approaches. 

Section  showing  2.  A  Section  of  the   shore  and   sea-bed  along  the  line  of  the 

proposed  jetty.      This  section  should  show  the  levels  of  the  road. 
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quay,  or  other  approaches,  the  slope  of  the  sea-bed,  with  the  soundings 
and  tide  levels  of  the  water  at  all  seasons. 

3.  The  Sea-bed  must  be  described  (trial  borings  being  made,  if 
necessary),  the  section  thus  indicating  the  clay,  sand,  mud,  shingle, 
chalk,  rock,  or  other  material  of  which  the  sea- bed  is  composed.  It 
is  obvious  that  only  by  a  correct  knowledge  of  the  strata,  from  the 
surface  down  to  a  firm  foundation,  can  the  engineer  decide  the  kind, 
shape,  and  number  of  the  screw-piles  or  other  supports,  and  a 
contractor  estimate  the  cost  of  fixing  them. 

4.  The  Purpose  for  which  the  jetty  is  intended.  If  vessels 
are  to  lie  alongside,  their  tonnage  and  draught  should  be  stated; 
and  it  must  be  known  also  whether  the  vessels  will  be  so  ex- 
posed to  the  wind  or  the  waves  as  to  cause  them  to  roll  against 
the  jetty. 

5.  The  direction  of  the  Currents  and  the  prevailing  winds  should 
be  stated,  as  information  on  these  points  may  determine  the  positions 
for  vessels  to  lie  alongside.  The  liability,  if  any,  to  storms ;  their 
force  and  effect ;  and  the  seasons  at  which  they  generally  occur.  If 
passengers  are  to  land  and  embark  at  the  jetty,  information  should 
be  furnished  as  to  the  kind  of  vessels  or  boats  which  will  come 
alongside,  or  such  particulars  as  will  indicate  what  staircases  and 
landings  will  be  required  at  different  levels.  The  pier-head  can  be 
arranged  to  afford  these  accessories. 

6.  If  goods  are  to  be  landed.  Cranes  have  generally  to  be 
provided ;  and  it  is  necessary  to  know  where  these  are  to  be  placed, 
and  the  maximum  weight  they  will  be  required  to  lift.  If  fixed 
cranes  are  used,  the  jetty  can  be  made  specially  strong  at  these 
points ;  while,  if  the  cranes  are  to  be  movable,  the  platform  must  be 
designed  accordingly.  An  independent  timber  landing  stage  is 
sometimes  built  beyond  the  steel  structure. 

7.  If  goods  are  to  lie  on  the  jetty,  a  maximum  Weight  or  load 
per  square  foot  of  surface  must  be  stated,  for  which  provision  must 
be  made  in  deciding  on  the  strength  of  the  structure.  The  carts  or 
other  vehicles  which  may  come  on  to  the  jetty  should  be  described, 
and  their  weight  when  loaded  given.  If  a  railway  is  intended,  the 
number  of  lines,  width  of  gauge,  mode  of  traction,  and  weight  of 
locomotives  or  electric  cars  should  be  stated. 

8.  If  sheds  or  Buildings^  beacon  or  lighthouse,  are  required  on  the 
jetty,  their  size  and  purpose  should  be  described.     Pavilions  are 
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frequently  erected  on  the  pier-head  ;  sometimes  with  a  band-stand 
on  an  upper  story,  which  together  may  add  considerably  to  the 
loading. 

9.  Information  of  the  kind  already  described  should  be  furnished 
concerning  the  facilities  for  Landing  materials,  of  dues  or  taxes,  the 
cost  of  material  and  labour.  Particulars  of  the  timber  obtainable  in 
the  country — its  suitability  for  piles,  staging,  and  decking,  and  its 
cost — are  especially  necessary.  It  is  convenient  to  knew  if  illu- 
minating gas  or  electric  light  is  available  or  required. 

10.  If  assistance  in  furnishing  capital  is  invited,  the  Tertns  of 
the  concession,  and  the  data  on  which  revenue  or  profit  has  been 
calculated,  should  be  very  fully  stated. 


\See  also  Concessions  :  Bridges  :  Reclamation  :  Cranes  : 
Dredgers  :  Diving  Apparatus  :  Pile-Drivers  :  Rock-drills  : 
Portland  Cement  :   Iron  Houses.] 


CHAPTER   VII. 

BRIDGES.     SUBAQUEOU'S   TUNNELS. 


HiGHWAV     bridges     are 
generally  constructed   as 
public  works,  but  in  poor 
or     newly- set  tied     coun- 
tries, the  demand  Tor  new 
bridges     often     exceeds 
what  the  public  revenues 
can  afford,  and  the  traffic 
has    10   cross  un bridged 
rivers  by  ferries  or  fords. 
The  necessary  accommo- 
iljtion    is,  however,    sometimes   obtainable   through   the   action  of 
private  capitalists,  to  whom,  until  free  bridges  can  be  afforded,  per- 
mission  is  granted   to  construct   toll  bridges.      As  the  population 
increases,  or  new  districts  are  opened  out,  the  necessity  for  more 
bridges  is  continually  arising;    the  inconvenience  being  felt  most 
seriously  in  those  districts — of  which  .America  and  several  of  the 
British  Colonies   afford    numerous   examples — where  the  rivers  are 
subject  to  floods  which  make  them  at  times  impassable  by  ford  or 
ferry.     Subaqueous  tunnels  nwy  even  have  to  be  considered. 

Wherever  the  risks  and  expenses  of  construction  are  great,  and 
the  chances  of  a  remunerative  return  doubtful,  the  granting  of  privi- 
leges to  those  who  will  promote  or  undertake  the  construction  of  a 
bridge  is  justifiable  and  expedient  in  the  interests  of  the  community. 
For  not  only  may  ihc  construction  of  a  much-needed  bridge  be  thus 
assured,  but  the  bridge  proprietors  will  be  content  wiih  a  less  revenue, 
and  therefore  a  more  moderate  tariff  of  tolls,  than  if  they  were  to  be 
exposed  to  the  risks  of  competition  in  the  event  of  their  venture 
I'roving  successful.  Moreover,  in  granting  privileges,  the  authorities 
Diay  reasonably  demand  an  efficient  service  in  return.  Bridges  are 
frequently  unfitted  for  heavy  loads,  and  the  proprietors,  desiring  a 


It  or  biidccm 


134 


Mathesons  Aid  Book. 


[Chap.  VII 


ConceMions  for 
toll  bridgea. 

Monopoly. 

Sft  €tU9  pag*  lA. 


Seepage  168. 
RiGHt-  OF  Way. 


Pre-emption. 
See  also  page  38. 


Pacilitiea  and 
immunitiea. 

See  page  96. 


Ouaranteea. 
Seepage*  a9-34* 


Obliffationa  of 
Conceaaionnairea. 

Seepage  j,S' 


bridge  sufficient  only  for  ordinary  traffic,  might  be  unwilling  to  incur 
extra  expense  in  providing  for  exceptionally  heavy  loads,  which  will 
add  but  slightly  to  their  revenue.  But  it  is  of  great  importance  that 
the  passage  of  machinery,  or  other  heavy  merchandise,  should  not  be 
impeded ;  and  the  load-carrying  capacity  of  a  proposed  new  bridge 
should  be  clearly  specified  to  accord  with  all  probable  demands  upon 
it  A  concession  for  a  bridge  generally  has,  wholly  or  partially,  the 
character  of  a  monopoly,  and  it  is  seldom  that  capitalists  will  be 
found  willing  to  invest  their  money  in  such  a  venture  except  with 
this  condition.  Occasionally,  however  —as  in  cities — ^notwithstanding 
the  contiguity  of  other  and  even  free  bridges,  the  new  structure  may 
be  of  such  convenience  as  to  obtain  a  remunerative  traffic.  Some- 
times the  mere  possession  of  a  favourable  site  gives  sufficient  advantage 
over  any  possible  competition.  The  site  may  be  favourable  in  the 
sense  of  its  allowing  a  cheaper  bridge  lo  be  built  then  elsewhere  in 
the  vicinity,  or  because  main  roads  converge  to  it,  bringing  traffic 
that  could  not  go  so  well  elsewhere.  An  absolute  monopoly  for  a 
certain  distance  above  and  below  the  proposed  new  bridge  is  of 
course  preferred  by  capitalists ;  the  distance  depending  on  the  amount 
of  traffic  which  the  district  is  likely  to  afford.  Sometimes,  however, 
the  concessionnaires  stipulate  only  that,  until  their  toll  bridge  has 
been  purchased  from  them  on  terms  which  may  be  agreed,  no  public 
or  free  bridge  shall  be  erected  within  the  prescribed  limits ;  and,  the 
first  bridge  having  possession  of  the  approaches  and  perhaps  other 
advantages,  the  risk  of  future  competition  is  considered  sufficiently 
remote.  Additional  value  is  given  to  a  concession  when  it  is  accom- 
panied by  facilities  or  immunities  which  cheapen  the  cost  of 
construction  or  maintenance.  A  Government  subsidy  may  be  granted 
towards  the  cost  of  the  bridge,  or  contributions  towards  the  capital 
may  be  made  by  landowners  or  others  who  are  to  be  benefited, 
such  contributions  taking  the  most  effective  shape  when  the  interest 
on  them  is  made  secondary  to  a  preferential  interest  on  the  capital 
of  the  concessionnaires  who  find  the  larger  share,  or  who  have  the 
risks  and  responsibilities  of  building  the  bridge.  Even  where  no 
direct  contribution  is  made  to  the  cost,  the  raising  of  capital  for  a 
toll-bridge  may  be  facilitated  by  a  guarantee  of  revenue  or  interest 
from  the  districts  which  are  to  be  benefited. 

Besides  the  condition  referred  to  of  load-carrying  capacity,  con- 
cessions for  bridges  are  usually  burdened  with  other  conditions,  such 
as — that  there  shall  be  a  moderate  tariff  of  tolls ;  that  the  bridge 
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shall  be  of  a  certain  width ;  that  the  roadway  shall  be  of  a  certain 
material,  and  shall  (with  sometimes  also  the  approaches)  be  maintained 
in  good  order  by  the  concessionnaires,  and  well  lighted ;  that  Govern- 
ment traffic  or  troops  shall  be  taken  free  or  at  reduced  tolls ;  and  that 
the  community  shall  have  the  power  of  buying  the  bridge  after  a 
certain  period,  on  terms  agreed  upon  beforehand.  It  is  of  course 
important  that  these  conditions  shall  be  equitable  and  not  weigh  unduly 
upon  the  enterprise.  Where  a  bridge  takes  the  place  of  a  previously 
existing  ferry,  it  is  sometimes  also  stipulated  that  in  the  event  of  the 
bridge  being  destroyed  or  becoming  unsafe,  the  concessionnaires 
shall  re-establish  and  maintain  the  ferry  at  the  old  rate  of  tolls  till  the 
bridge  is  again  rendered  available. 

Although  it  is  for  road  traffic  that  the  great  majority  of  toll-bridges 
are  constructed,  railway-bridges  also  sometimes  depend  for  their 
revenue  on  tolls.  This  is  especially  the  case  in  the  United  States, 
where  railways  and  groups  of  railways  are  often  divided  by  the  great 
rivers  which  intersect  the  country ;  the  expense  of  building  bridges 
often  forbidding  their  construction  in  the  first  instance  when  the 
railways  are  projected  :  the  traffic  being  carried  across  by  means  of  a 
floating  bridge  or  ferry-boats,  or  by  a  long  detour  to  the  nearest  bridge. 
The  consequent  inconvenience  often  proves  so  great  as  to  induce 
capitalists  to  build  a  bridge  as  an  independent  enter|)rise.  A  compe- 
tent engineer  having:  been  fjund  to  design  the  bridge,  and  trust- 
worthy contractors  who  will  build  it  for  a  certain  sum,  a  company  is 
formed  with  a  capital  based  on  this  estimate  of  cost  The  railway 
companies  may  then  share  the  cost,  or  may  agree  to  contribute  a 
certain  amount  when  the  bridge  is  completed,  or  without  contributing 
to  the  cost  may  engage  to  send  a  certain  minimum  amount  of  traffic 
over  the  bridge  at  pre-arranged  rates  of  toll.  Although  cases  of  this 
sort  are  more  usual  in  the  United  States,  where  many  wide  rivers  have 
to  be  crossed,  similar  arrangements  have  been  found  necessary  in 
Great  Britain  also ;  the  Severn  Bridge  at  Lydney,  the  Severn  Tunnel 
near  Bristol,  the  Mersey  Tunnel  at  Liverpool,  and  the  Forth  Bridge 
in  Scotland,  affording  examples  of  undertakings  asiiisted  in  one 
shape  or  other  by  the  contiguous  railway  companies  who  are 
interested. 

Manufacturers  of  bridges  are  generally  called  upon  to  erect  them 
if  the  site  be  in  their  own  country ;  and  such  a  condition  is  made 
part  of  the  contract.  But,  except  in  the  case  of  very  Large  or  nume- 
rous bridges,  the  erection  in  a  foreign  country  is  seldom  carried  out  by 


Maintenance 


ToU 
railway  bridi^es. 


Traffic 
guaranteed. 


Toll-bridge 

guarantees  in 

United  States. 


In  Great  BriUin. 


Erection 
of  bridges. 


136 


Mathesons  Aid  Book. 


[Chap.  VII. 


Manufacturers 

un\villing 
to  erect  abroad. 


Seepage  51. 


the  manufacturers,  as  the  undertaking  is  one  not  large  enough  to 
repay  the  trouble  and  expense  such  a  course  would  involve.  Although 
there  are  certain  advantages  in  maintaining  the  responsibility  of  the 
manufacturer  till  the  bridge  is  completed  and  tested  by  actual  traffic, 
there  is  nothing  so  peculiar  in  the  erection  as  to  prevent  a  local 
engineer  from  undertaking  it.  If  the  bridge  has  been  properly 
designed,  and  if  the  quality  of  the  material  and  workmanship  has 
been  verified  by  inspection  in  the  factory,  and  if  the  various  pieces, 
after  having  been  tried  together  by  the  makers,  be  proj^erly  marked, 
an  experienced  superintendent  or  skilled  mechanic,  furnished  with  a 
drawing,  will  have  no  difficulty  in  erecting  a  bridge  he  has  not  seen 
till  it  arrives  on  the  site ;  and  it  is  generally  much  cheaper  to  employ 
such  a  superintendent  than  to  include  the  erection  in  the  manufac- 
turers  contract  Where,  however,  it  is  considered  very  important 
that  the  manufacturer  should  erect  the  bridge,  he  will  be  the  more 
ready  to  agree  to  such  a  proposal  if  those  risks  which  are  to  him 
unknown,  but  with  which  the  purchasers  in  a  foreign  country  are 
Local  purchasers    familiar,  be  removed.     Thus  the  purchasers  may  agree  to  take  the 

bridge  material  and  tools  from  the  ship's  side  at  the  port  of  arrival, 
and  convey  them  to  the  site  ;  to  pay  all  dues  and  imposts  ;  to  provide 
necessary  staging  or  flooring-timber  free  or  at  agreed  rates ;  to  furnish 
unskilled  labourers ;  and  generally  to  give  all  the  advantages  which 
their  local  knowledge  may  afford. 
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In  deciding  upon  the  kind  of  bridge  which  shall  best  satisfy  any 
particular  case,  various  circumstances  have  to  be  considered,  which 
may,  however,  generally  be  divided  into  three  classes,  as — 

1.  The  Exigencies  of  the  Site  : 

2.  The  Necessities  of  Manufacture  : 

3.  Considerations  of  Economy. 


Exigencies  of  the 
site. 


I.  Tlie  Exigencies  of  the  Site, — The  length  of  the  spans  into  which 
a  bridge  shall  be  divided  depends  on  the  cost  and  convenience  of 
numerous  piers,  as  compared  with  those  of  long  spans.  The  weight 
of  an  iron  or  steel  structure  depends  primarily  upon  the  span,  because 
the  weight  per  lineal  foot  increases  Avith  the  distance  between  the 
supports;  a  bridge  of  loo  ft.  span  weighing  about  three  times  as 
much  as  a  bridge  of  50  ft.  span,  similar  in  all  other  respects. 

It  is  obvious  that  such  a  comparison  depends  upon  the  circum- 
stances of  each  particular  case;  for,  while  a  bridge  at  a  low  level 
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over  a  wide,  shallow  river,  wiih  a  bed  affording  an  easy  foundation, 
may  allow  numerous  piers  to  be  cheaply  constructed,  a  deep  river 
running  between  high  banks,  or  one  offering  impediments  to  sub- 
aqueous work,  may  render  intermediate  piers  so  expensive,  as  to 
make  long  spans  preferable.  The  question  of  spans  may  also  be 
affected  by  the  necessities  of  navigation,  which  may  require  lofty  and 
expensive  piers  to  allow  headway  for  passing  vessels ;  or  intermediate 
piers  may  obstruct  too  much  the  passage  of  flood-water  or  floating 
ice.  On  the  other  hand,  long  spans  which  obviate  the  need  for  piers 
or  reduce  their  number  may  present  special  difficulties  in  erection. 
Such  for  instance  would  be  the  case  in  a  bridge  over  the  Bosphorus, 
where  at  a  convenient  crossing  place  the  width  is  about  1750  ft 

From  the  present  point  of  view,  />.  that  which  concerns  the  site, 
it  will  generally  be  found  that  the  Levels  of  the  bridge  or  the 
Approaches  in  their  relation  to  the  river,  ravine,  roail,  or  railway  to 
be  crossed,  primarily  determine  the  type  of  superstructure ;  and  the 
levels  may  forbid  the  application  of  certain  systems  which  require 
parts  of  the  structure  to  be  too  low  beneath  the  platform  of  the 
bridge.  The  different  kinds  of  bridges  which  are  designed  to  meet 
this  question  of  levels  arc  illustrated  by  the  examples  that  follow 
on  pages  155  to  168.  Where,  in  crossing  a  river,  the  level  of  the 
approaches  is  so  far  above  the  highest  water  that  a  bridge  continued 
at  the  same  level  will  leave  ample  room  below  the  structure  for  the 
passage  of  vessels  or  floating  trees,  then  the  designer  has  free  scope, 
and  may  make  a  "deck"  bridge,  namely  with  girders  below  tlie 
platform  or  roadway,  although  if  of  more  than  one  span  the  piers 
may  have  to  be  lofty  and  expensive.  But  where  a  river  has  low 
banks,  or  where  in  time  of  flood  the  water  rises  nearly  to  the  level  of 
the  approach  roads,  it  may  be  necessary  either  to  raise  the  structure, 
or  to  make  sloping  approaches,  and  construct  a  *'  through  '  bridge 
with  as  little  as  possible  of  it  projecting  downwards.  Examples 
M  to  S  (pages  162-5)  show  girders  arranged  in  this  way.  If,  however, 
the  headway  is  wanted  not  for  flood-water,  but  only  for  the  passage 
of  vessels,  a  clear  headway  in  the  centre  of  the  bridge  will  suffice,  and 
an  arch,  as  in  example  K  and  L  (page  160),  or  certain  forms  of  bow- 
string girders  (6)  may  serve  the  purpose  without  raising  the  structure. 
\Vhere  only  foot  passengers,  horsemen,  and  cattle  have  to  pass,  the 
bridge  floor  may  be  arched,  and  in  ancient  times  stone  bridges  were 
frequently  made  in  this  way  (7),  so  as  to  combine  low  approach 
levels  with  a  sufficient  headway.    The  Rialto  Bridge  at  Venice  (shown 
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here  without  the  parapets  and  covered  roadway),  is  an  example,  the 
ascent  in  this  case  being  made  by  a  series  of  easy  steps. 

Headway  below         Indeed,  it  may  be  said  that  in  many  cases  the  points  arising  out 
"  ^^'         of  and  connected  with  the  levels  form  the  key-note  of  the  whole 
project     Thus,  in  the  erection  of  a  railway  bridge,  if  the  river  con- 
servators, or  others  whose  consent  is  necessary,  dexand  a  considerable 
headway  for  the  passage  of  vessels,  the  engineer  of  the  railway  may, 
in  order  to  raise  his  train  level,  have  either  to  make  long  approach 
viaducts  or  embankments,  costing  as  much  as  or  more  than  the 
bridge  itself,   or,  to  avoid  this  cost,   make    shorter  and    steeper 
Approachea.      approaches  which  may  prove  the  "ruling  gradient"  of  the  railway, 
pageltT^V^^'    ^^^  permanently  increase  the  cost  of  haulage.      If,  to  avoid  both 

these  alternatives,  an  opening  span  in  the  middle  of  the  bridge  is 
permitted,  it  will  not  only  add  considerably  to  the  cost  of  the  bridge 
itself,  but  be  a  permanent  source  of  expense  and  danger. 

Somewhat  the  same  difficulty  arises  in  regard  to  road  bridges 
where  easy  gradients  are  desired,  but  where  headway  over  the  river 
or  railway  or  over  streets  and  wharfs  parallel  to  them,  demand  a 
considerable  rise.     The  raised  viaduct  on  the  north  side  of  London 

Thames  bridges.  Bridge  allows  an  easy  approach,  while  on  the  neighbouring  South- 

wark  Bridge,  where  the  viaduct  is  wanting,  steep  gradients  are 
necessary.  These  opposing  difficulties  may  be  minimised  by  so 
designing  the  bridge  as  to  reduce  the  thickness  of  the  arch  or  floor. 
Westminster  Bridge,  also  over  the  Thames,  affords  an  example  of  this 
plan,  the  maximum  headway  for  vessels  being  combined  with  low 
level  approaches.  Cases  occasionally  arise  where  these  opposing 
conditions  bring  other  methods  under  consideration.  Such,  for 
Seepage  17 J.  instancc,  are  the  lifting  the  traffic  from  low  approaches  to  a  high-level 
bridge  by  mechanical  means  or  by  the  excavation  of  a  tunnel. 

Whatever  the  kind  of  bridge,  the  Piers  and  Abutments  should 
be  considered  separately  from  the  Superstructure.  The  abutments 
may  be  built  of  masonry  or  brickwork,  or  even  of  timber ;  but  the 
piers  in  the  waterway,  and  sometimes  also  the  abutments,  may  be  best 
Iron  piers.  constHicted  of  iron  or  steel.  Such  piers  are  composed  either  of  piles, 
cylinders,  or  caissons.  Screw-piles  are  made  either  as  solid  columns 
of  wrought-iron  or  steel,  or  as  hollow  columns  of  cast-iron,  the  piles 
Screw  piles,  having  in  either  case  a  screw  at  the  point,  so  that  when  turned 
by  a  capstan  the  piles  can  be  inserted  into  the  ground  till  a  firm 
foundation  is  reached.     The  length  of  each  pile,  as  delivered  at  the 
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site  of  the  bridge,  is  determined  partly  by  the  necessities  of  manu- 
facture, and  partly  by  the  exigencies  of  transport  Solid  piles  are 
generally  of  some  diameter  between  4  in.  and  9  in.,  and  can  be 
rolled  in  lengths  of  from  10  ft  to  20  ft ,  according  to  their  diameter 
and  weight  The  separate  leugths  can  be  united  by  couplings  of 
various  kinds,  but  the  piles  can,  by  welding,  be  made  in  one  length 
without  exteraal  flanges  or  projections  of  any  kind,  convenience  for 
transport,  however,  generally  limiting  the  length  to  30  ft.  or  40  ft 
Cast-iron  piles  are  generally  made  in  pieces  of  from  9  ft,  to  16  ft 
long,  and  are  united  by  internal  or  external  flanges,  or  by  sockets. 
When  iron  and  steel  are  at  an  average  price,  solid  piles  properly 
prepared  and  jointed  cost  from  £^\7,  to  J[,\']  per  ton,  and  cast-iron 
piles  from  ^9  to  £,\2  per  ton.  Iron  piles  are  sometimes  made 
without  screws,  and  are  driven  into  place  by  a  falling  weight :  in 
such  cases  they  are  pointed  at  the  ends,  and,  if  of  wrought  iron  or 
steel,  are  best  made  (Fig.  11)  of  a  hollow,  ribbed  section.  Pile  piers 
are  most  frequently  used  for  supporting  spans  of  from  20  ft.  to  70  ft., 
as  beyond  this  span  groups  of  piles  would  be  necessary,  and  cylinders 
of  larger  diameter  then  generally  become  preferable. 

Pier  cylinders  may  be  used  either  as  hollow  columns  for  support- 
ing the  load  of  the  bridge,  or  as  caissons  to  enclose  solid  columns  of 
concrete  or  brickwork.  The  solid  column  is  most  usual  for  the 
submerged  portion ;  ordinary  iron  columns,  as  would  be  used  for  a 
bridge  on  land,  being  erected  above  water.  The  cylinders  are  usually 
of  some  diameter  between  3  ft  6  in.  and  16  ft,  and  are  generally 
parallel,  the  base  being  sometimes  coned  out  to  obtain  a  large 
bearing  area  on  the  foundations  The  cylinders  are  in  most  cases  of 
cast-iron  from  J  in.  to  i^  in.  thick.  Made  in  lengths  of  from  4  fr. 
to  8  fc,  and  united  by  flanges,  they  are  frequently  (when  over  5  ft 
diameter)  divided  into  segments,  for  convenience  of  transport. 
Although  cast-iron  is  the  most  suitable  material,  the  cylinders  are, 
where  there  is  very  great  risk  of  breakage,  made  of  wrought-iron  or 
steel  plates,  about  \  in.  or  \  in.  thick,  riveted  together  and  stiff*ened 
by  L  b^^s  and  ring-shaped  frames.  This  material  is  best  where 
caissons,  generally  rectangular,  are  used  instead  of  cylinders.  In 
almost  all  cases  sinking  is  eff'ected  by  weight,  but  as  it  is  generally 
necessary  to  clear  out  the  soil  within,  either  to  assist  the  cylinder  or 
caisson  to  descend  or  to  make  room  for  the  solid  pier  which  is  to  be 
constructed,  various  auxiliary  methods  are  applied.  Unless  rocks  or 
large  boulders  are  en*:ountered,  scoops  or  dredging  buckets  can  be 
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used  from  the  top,  even  for  depths  exceeding  loo  ft ;  but  in  many 

cases  it  becomes  necessary  that  workmen  shall  descend  to  assist 

the  excavation.     If  the  stratum  be  clay,  the  cylinder  can  be  emptied 

Pumpine  from    of  Water  by  pumps,  or,  if  the  clay  be  not  quite  water-tight,  kept  free 

Set v!iv^% page fAfi.  ^^  watcr  by  pumps  while  the  men  are  working;  but  if  of  gravel, 

sand,  alluvial  soil,  or  rock,  pumps  will  seldom  overcome  the  water. 
In  such  cases  the  men  must  work  in  the  diving-dress,  or  an  air 
chamber  may  be  formed  at  the  bottom  of  the  cylinder,  which  may 
then  be  regarded  as  a  diving-bell,  the  water  being  forced  out  by 
air-pumps.      By  means   of  an   air-lock   in  the  upper  part  of  the 
Pneumatic       Cylinder  or  caisson  access  is  gained  to  the  air-chamber  below.     The 
""*   °  '         excavated  soil  may  be  brought  out  through  the  lock  or,  in  order  to 
leave  the  latter  unobstructed,  through  small  locks  at  the   sides. 
The  difficulty  becomes  greater  as  the  depth  (and  therefore  the  air- 
pressure)  increases,  and  special  arrangements  become  necessary  when 
the  cylinders  have  to  penetrate  more  than  70  ft.  from  the  surface  of 
Limits  of  depth,  the  Water.     The  pneumatic  system  of  sinking  cyHnders  is  somewhat 

expensive,  and  as  the  apparatus  and  preparations  bear  a  high  pro- 
portion to  the  total  cost  of  small  bridges,  it  is  seldom  used  except 
Divers  ^*°^  large  bridges,  divers  being  generally  preferred.      Great  care  is 

s*e  Diving       ucccssary  to  ensure  the  cylinders  reaching  a  firm  stratum  not  liable 

A  p|p  A  b  A  fl  JC 

pagt^x. '       to  be  undermined  or  weakened  by  the  scour  of  the  water. 

By  using  metallic  piles  or  cylinders,  the  water-way  of  a  river  is  less 
obstructed  than  by  the  more  bulky  masonry  piers ;  but,  except  for 
this  reason,  the  only  superiority  which  iron  or  steel  has  over  masonry 
is  in  the  facility  afforded  during  construction,  as  piles  or  cylinders 
can  be  fixed  without  the  cofferdams  usually  necessary  for  masonry. 
Brickwork  Cylinders  of  brickwork  are  occasionally  used  for  bridge  piers 

cyimders  or  piers,  ^j^gj.^  ^^  g^jj  jg  loose  or  sandy,  and  especially  in  countries  where 

iron  and  steel  are  expensive,  and  clay  suitable  for  bricks  is  abundant. 
The  cylinders  are  built  upon  the  ground  on  a  metallic  ring  or  curb. 

Mode  of  sinking  and,  the  soil  being  excavated  within  by  scoops,  dredging-buckets,  or 

cy  in       .    sand-pumps,  the  cylinder  sinks,  additional  brickwork  being  added 

above  until  the  required  depth  is  reached.     The  inside  is  then  filled 

with  concrete.     If  the  soil  be  very  loose,  the  cylinder — to  prevent  it 

sinking  too  rapidly — may  be  suspended  during  the  process  by  iron 

Brick  cylinders    rods  attached  to  the  curb  plates.    This  system  of  brick  cylinders  was 

used  —  principally  for  wells — many  years  before  the  introduction  of 
iron  cylinders,  and  in  more  recent  times  it  has  been  employed 
very  extensively  for  bridges  in  India.     Concrete,  as  being  generally 
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more  conveniently  obtained  or  applied  than  brickwork,  is  also  used        Concrete 

cvlindcrSs 

for  pier  cylinders,  this  being  one  of  the  many  useful  applications  of  sa  aUo page  \^^. 
this  material 


In  regard  to  the  Superstructure  of  Bridges  they  may  be  classed 
in  various  ways,  and  each  kind — Girder,  Arch,  Suspension,  and 
Cantilever — ^again  sub-divided  into  classes.  In  regard  to  the  super- 
structure, it  may  be  said  concerning  all  types  of  bridges  that  the 
importance  of  selecting  an  appropriate  form  increases  with  the 
length  of  the  span ;  the  choice  of  design  is  then  narrowed,  a  correct 
decision  becomes  more  difficult,  and  an  error  in  judgment,  or  depar- 
ture from  the  exact  form  which  may  be  the  best  for  the  purpose  in 
view,  tells  with  great  effect. 

For  spans  between  30  ft.  and  150  ft.,  iron  or  steel  girders  form  the 
cheapest  kind  of  superstructure,  both  for  road  and  railway  bridges, 
except  in  cases  where  natural  or  easily-formed  abutments  facilitate 
the  construction  of  arched  bridges,  or  where  the  levels  or  certain 
secondary  reasons,  which  have  been  referred  to,  prevail. 

Following  the  classification  given  on  page  136,  the  exigencies  of 
site  may  include  questions  of  transport  and  erection.  If  there  be 
long  inland  carriage  over  bad  roads,  the  parts  must  be  made  of 
moderate  size  and  weight ;  and  certain  systems  of  construction  give 
more  facilities  than  others  in  this  respect  Sometimes  it  is  difficult 
to  procure  skilled  labour,  and  designs  must  be  adopted  which  do  not 
require  skilled  mechanics  at  the  site.  In  other  cases,  the  want  of 
timber,  or  the  depth  of  water,  renders  the  use  of  staging  expensive 
or  impossible,  and  bridges  must  be  designed  which  can  be  erected 
from  the  shore  or  in  some  other  way  without  staging.  Thus,  it  may 
be  so  difficult  or  expensive  to  erect  temporary  staging,  that  girders 
may  have  to  be  launched  forward  from  the  shore  and  hauled  over, 
and  for  this  purpose  must  be  so  designed  as  to  bear  the  strains  they 
are  subjected  to  during  this  operation.  Or  the  superstructure  may 
be  built  upon  pontoons,  then  floated  to  the  site  and  deposited  on  the 
piers  by  a  falling  tide  or  by  partially  sinking  the  pontoons  by  admit- 
ting water ;  or,  being  first  deposited  at  a  low  level,  may  be  raised  by 
hydraulic  machines.  Or,  when  these  methods  are  inapplicable,  as  in 
the  spanning  of  deep  ravines  and  rapid  rivers,  the  bridges  may  be 
built  forward  as  cantilevers. 

2.  The  Necessities  of  Manufacture, — It  is  always  expedient  to  utilise, 
as  far  as  possible,  the  materials  and  modes  of  construction  which 
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are  most  easily  attainable ;  and  in  regard  to  bridges,  these  conditions 
are  not  everywhere  the  same.  There  is  an  immense  variety  of  shapes 
and  sizes  of  rolled  iron  and  steel  made  for  structural  purposes,  but 
some  are  much  more  expensive  than  others;  and  it  is  not  always 
easy  to  obtain  quickly  small  quantities  of  a  particular  kind.  The 
design  which  requires  the  least  weight  of  material  may,  for  these 
reasons,  be  more  expensive  than  a  heavier  and  simpler  design.  If, 
for  instance,  in  a  small  span  the  engineer  were  to  vary  the  dimensions 
and  thicknesses  of  the  individual  parts  to  accord  exactly  with  the 
stresses  to  be  endured  by  them,  such  a  variety  of  sizes  of  rolled  iron 
or  steel  might  become  necessary  as  would  involve  un remunerative 
trouble,  expense,  and  delay,  in  the  manufacture.  For  the  same 
reason  also,  where  designs  are  made  in  one  country  for  manufacture 
in  another,  some  latitude  should  be  left  to  the  manufacturer  or  super- 
intending engineer  in  regard  to  the  exact  shape  and  size  of  pieces. 
Again,  theory  may  in  some  cases  prescribe  as  the  most  suitable  dis- 
position of  material,  curved  or  irregularly -shaped  girders,  but  it  may 
be  taken  as  a  general  rule  that  the  simpler  the  design  the  better.  A 
variety  of  shapes  and  dimensions  in  the  different  parts — unless 
cheapened  by  the  quantity  of  each  and  consequent  economy  which 
numerous  similar  parts  allow — is  to  be  avoided.  Of  course  there 
may  be  secondary  reasons  which  justify  a  reduction  in  weight,  even 
at  an  increased  cost  in  the  manufacture ;  such  reasons,  for  instance, 
as  high  rates  of  freight,  or  of  import  duty  charged  according  to  the 
weight ;  or  a  desire  for  what  may  be  considered  the  more  pleasing 
appearance  of  the  curved  or  irregular  girder. 

Riveted  connections  are  generally  considered  by  European  engi- 
neers as  stifter  and  more  durable  than  pin  connections.  In  structures 
subjected  to  moving  loads,  and  especially  to  the  oft-repeated  impact 
of  railway  trains,  the  pins,  unless  they  are  rendered  permanently 
tight,  are  apt  to  hammer  and  become  loose.  And  the  necessary 
tightness  cannot  easily  be  assured  with  pins  of  less  diameter  than 
4  in.,  so  that  even  where  jnns  might  for  other  reasons  appear  desirable, 
they  should  not  be  used  for  spans  where  small  diameters  are  appro- 
priate. In  the  earlier  bridges  made  in  the  United  States  the  use  of 
pins  was  carried  to  excess,  and  failures  occurred  not  only  because  of 
the  pins  becoming  loose  and  the  nuts  shaking  off,  but  because  of  the 
unsatisfactory  nature  of  the  subsidiary  connections  such  as  those  of 
the  transverse  bracing  to  the  main  girders,  the  suspension  of  the 
cross-girders  from  the  pins  by  means  of  hangers,  and  the  use  in 
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bracing  of  round  rods  with  screws  and  angular  cleats  at  the  ends. 
In  the  best  American  practice,  however,  these  faults  have  been 
abandoned,  and  stiffer  riveted  connections  substituted  in  such  cases. 
Rolled  **  eye-bars,"  or  links,  are  also  often  used  inappropriately. 

In  the  case  of  triangulated  girders  of  spans  over  loo  ft.,  it  becomes 
more  important  than  in  smaller  spans  that  the  lines  of  actual  stress 
through  the  various  members  shall  coincide  with  those  intended  and 
provided  for  by  the  designer.  This  symmetry  is  rendered  more 
certain  when  the  convergence  is  to  central  points  than  where  the 
connection  is  by  groups  of  rivets.  But  while  as  part  of  such  a  pin 
system  eye-bars  may  be  appropriately  used  for  the  diagonals  of  the 
web  always  in  tension,  or  for  the  bottom  chords  of  deck-bridge 
girders,  when  they  are  used  for  the  bottom  chords  of  through  bridges 
as  is  often  the  case  in  America,  the  absence  of  rivet-holes  prevents 
a  satisfactory  connection  between  them  and  the  transverse  bracing. 
The  best  practice  in  such  cases  is,  while  retaining  the  symmetry  of 
the  pin  system,  to  use,  as  in  the  best  bridges  made  in  Europe,  flat 
bars  strengthened  by  plates  riveted  on  where  the  pin-holes  occur, 
and  so  rendering  them  of  suflicient  sectional  area  to  allow  for  the  loss 
by  rivet-holes  where  subsidiary  attachments  are  made.  But  as  much 
money  has  been  spent  in  the  construction  of  special  machinery  for 
making  eye-bars,  and  it  is  convenient  and  economical  to  make  large 
numbers  of  them  exactly  alike,  their  use  is  encouraged  even  where 
inappropriate.     They  should  not  be  used  for  spans  under  120  ft. 

Riveting,  to  be  effective,  must  be  well  executed ;  the  holes  in  the 
different  pieces  must  exactly  coincide,  and  the  rivets  completely  fill 
them,  this  condition  being  ensured  by  the  use  of  powerful  hydraulic 
riveting  machines.  Such  machines  are  not  only  employed  in  the 
workshop  but  at  the  site  of  erection,  in  the  form  of  portable  riveters 
worked  by  portable  engines.  In  cities  where,  as  in  London,  high 
pressure  water  mains  are  available,  hydraulic  ])Ower  generated  a  mile 
or  more  from  the  site  can  be  utilised  for  riveting  without  noise. 

3.  Considerations  of  Economy,  —In  designing  a  bridge,  the  engineer 
has  not  only  to  satisfy  the  exigencies  of  the  site  and  the  necessities 
of  manufacture,  but  has  to  conform  to  certain  standards  of  quaUty 
and  fitness  which  may  be  varied  within  very  considerable  limits. 
That  is  to  say,  bridges,  like  other  engineering  works,  may  be  made 
either  in  a  very  strong  and  permanent  manner,  with  the  maximum 
accommodation,  or  in  a  manner  less  stable  or  convenient.  Much, 
of  course,  depends  uj)on  the  amount  of  money  available,  and  in  some 
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cases  necessity  may  compel  the  erection  of  a  cheap  structure  affording 
limited  accommodation,  strength,  or  term  of  endurance,  and  involving 
additions,  repairs,  or  renewals,  at  a  comparatively  early  date.  The 
points  which  are  thus  left  open,  and  upon  which  the  engineer  can 
only  advise  those  who  employ  him,  are : — 

(a)  The  Material  of  which  the  bridge  is  to  be  made — wood,  stone, 
iron  or  steel. 

{b)  The  Width  of  Roadway  for  convenience  of  traffic. 

{c)  The  kind  of  Roadway  Material,  which,  according  as  it  is  made 
light  as  of  timber,  or  heavy  as  of  macadam  or  granite  paving,  will 
determine  partly  the  necessary  strength,  and  therefore  the  cost,  of 
the  structure  which  is  to  support  it. 

{d)  The  amount  of  Moving  Load  which  is  to  be  provided  for,  and 
whether  and  how  far  exceptional  loads,  or  possible  increased  loads  in 
the  future,  are  to  be  considered. 

{e)  The  Margin  of  Safety  required ;  that  is  to  say,  whether  the 
bridge  when  sustaining  its  maximum  loads  shall  be  strained  to  one- 
fifth,  one-fourth,  or  one-third  of  its  ultimate  theoretical  failing-point ; 
and  also  the  surplus  iron  or  steel  to  be  provided  to  allow  for  loss  by 
rust  or  decay. 

(/)  The  degree  of  Ornamentation  which  is  to  be  included  in  the 
design. 

The  above  points  may  be  further  elucidated  as  follows : — 

(a)  The  Material  of  which  the  bridge  is  to  be  made, — In  countries 
where  timber  is  plentiful  and  the  climate  favourable,  Timber  (either 
alone  or  in  combination  with  iron  tension  rods)  may  be  employed 
with  advantage  where  economy  is  desired.  Thus,  in  the  United 
States,  Canada,  Russia,  and  Scandinavia,  timber  may  be  obtained 
cheaply ;  workmen  are  skilled  in  using  it ;  and  the  climate  is  gene- 
rally favourable.  But  the  term  of  endurance  in  timber  bridges  is  at 
best  much  less  than  with  iron  or  stone ;  they  occupy  much  space, 
they  are  liable  to  destruction  by  fire,  and  the  limit  of  span  is  not 
great  Therefore,  where  the  requisite  funds  are  available,  iron  or 
steel  is  preferred  even  in  timber-growing  countries,  and  especially  for 
railway  bridges. 

Stone  is  well  suited  for  arched  bridges,  and  so  applied  is  both  long- 
enduring  and  pleasing  in  appearance ;  but  skill,  not  always  available, 
is  needed  for  constructing  stone  bridges,  and  for  designing  the 
temporary  timber  centerings  on  which  the  arches  are  built ;  strong 
abutments  "re  needed  to  receive  the  lateral  pressure  of  the  arch ;  the 
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high  curve  often  renders  the  approaches  inconveniently  steep ;  and 
beyond  a  span  of  100  ft  stone  bridges  are  difficult  of  execution. 

Brick  arches  are  often  preferred  in  countries  where  clay  for  bricks 
is  abundant,  where  foundations  are  easily  constructed,  where  the 
height  is  small,  and  where,  therefore,  numerous  small  spans  will 
compare  favourably  in  cost  with  long  spans.  In  India,  for  example,, 
long  viaducts  have  in  this  way  been  constructed  more  cheaply  than 
would  have  been  possible  with  iron  or  steel  girders. 

It  is  needless  to  enumerate  the  various  advantages  afforded  by  Iron 
and  Steel  in  the  construction  of  bridges ;  but  in  the  case  of  foreign 
countries  where  engineering  skill  and  appliances  are  wanting,  the 
fact  that  bridges  can  be  designed  and  manufactured  in  a  distant 
country  and  conveyed  in  pieces  to  the  site  of  erection,  is  alone  a 
sufficient  justification  for  their  use.  The  application  of  iron  and 
steel  to  bridge  structures  allows  greater  scope  to  the  engineer  than 
was  possible  when  stone  and  timber  were  the  only  available  materials ; 
and  as  the  great  majority  of  modem  bridges,  or  at  least  their  super- 
structures, have  been  made  of  iron,  it  may  be  said  that  an  entirely  new 
field  has  been  opened  out  to  the  bridge  engineer.  For  some  time 
after  iron  was  used  for  the  superstructure  of  bridges,  the  difficulty  of 
erection  prevented  its  application  for  bridge  piers ;  but  the  invention 
of  screw  piles,  and  the  numerous  systems  of  cylinder  piers  and 
caissons  have  given  to  the  engineer  a  choice  of  methods  wide  enough 
to  meet  almost  every  case. 

The  many  modern  inventions  in  connection  with  Steel  have 
rendered  it  available,  since  the  year  1880,  for  the  construction  of 
bridges ;  and  the  cost  and  selling  price  of  steel,  previously  very  high  in 
proportion  to  those  of  wrought  iron,  have  since  1890  been  practically 
the  same.  Steel  of  the  kind  suitable  for  bridges  not  only  has  an 
ultimate  tensile  strength  equal  to  from  27  to  32  tons  per  square  inch, 
as  compared  with  a  usual  range  of  20  to  22  tons  in  iron,  but  the  steel  ^MSTBB^/a^^56o. 
is  more  ductile  and  elastic  than  iron,  allowing  of  easier  working  in 
manufacture  and  of  greater  durability  afterwards  against  repeated 
shocks  and  strains.  So  long  as  steel  cost  more  per  ton  than  iron,  a 
saving  in  weight  was  necessary  to  allow  an  equality  in  the  cost  of  a 
bridge ;  but  in  small  spans  such  a  saving  in  weight  could  not  be  safely 
obtained  because  a  certain  thickness  of  parts  must  be  allowed  for 
wasting  by  rust.  Small  spans  may,  however,  be  made  with  advantage 
of  steel  of  the  same  weight  as  in  iron,  because  the  extra  strength  and 
durability  may  be  obtained  without  extra  cost.      It  is,   however, 
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for  long-span  bridges,  where  the  stresses  in  the  structure  are  largely 
due  to  the  weight  of  the  material,  that  is  to  say  where  the  weight  of 
the  structure  itself  has  an  effect  great  in  proportion  to  that  of  the 
moving  load,  that  the  saving  in  weight  by  using  steel  is  of  the  greatest 
advantage ;  and  the  limit  of  span  is  greatly  increased,  as  is  shown  by 
the  many  long-span  bridges  that  have  been  constructed.  Where  the 
expenses  of  transport  to  a  foreign  country,  or  of  inland  carriage,  are 
great,  the  saving  in  expense  by  the  use  of  steel  is  obvious. 

{h)  The  Width  of  Roadway, — The  width  of  a  railway-bridge  is 
determined  by  the  gauge,  and  by  the  railway  having  a  single  or  double 
line ;  but  a  highway  bridge  allows  considerable  latitude  within  which 
cheapness  may  be  obtained  by  narrowing  the  platform.  If  vehicles 
pass  rarely,  a  bridge  wide  enough  for  one  only  may  be  sufficient,  but 
in  the  case  of  long  spans  narrow  bridges  are  objectionable,  because  of 
their  deficiency  in  lateral  stability.  Assuming  that  the  extreme  width 
of  a  vehicle  is,  as  in  England,  about  8  feet,  then  the  width  of  the  road- 
way, in  addition  to  the  footpath,  should  be  made  to  accommodate  a 
certain  number  of  vehicles;  9  feet  within  the  curb  is  considered 
sufficient  for  one ;  18  ft  to  20  ft.  for  two ;  while  on  London  Bridge, 
which  may  be  taken  as  an  example  of  a  city  bridge  carefully  designed, 
35  ft.  is  the  width  provided  for  four  lines  of  vehicles.  By  mar- 
shalling the  traffic  into  two  lines  in  each  direction,  the  inner  two  lines 
being  formed  of  quick  and  the  other  of  slow  vehicles,  and  by  forbidding 
halting  on  the  bridge,  a  much  larger  traffic  may  be  accommodated 
than  where  such  regulations  are  wanting.  A  width  sufficient  for 
three  or  five  vehicles  is  sometimes  adopted,  as  the  space  between 
the  lines  of  traffic  enables  a  quickly-moving  vehicle  to  pass  by  a  slow 
vehicle  which  is  blocking  the  way.  Southwark  Bridge  and  Waterloo 
Bridges,  on  the  Thames,  are  constructed  in  this  way,  each  having  a 
28  ft  roadway,  and  two  footpaths  of  7  ft  Westminster  Bridge  has 
a  total  width  of  82  ft,  of  which  54  ft  are  given  to  the  roadway, 
and  14  ft  to  each  of  the  footpaths.  In  country  districts,  bridges 
are  sometimes  made  without  separate  side-walks  for  foot  passengers, 
but  in  such  cases  the  roadway  must  be  wide  enough,  or  recesses 
must  be  provided  (generally  over  the  piers),  to  allow  for  the  safety 
of  foot-passengers  during  the  passage  of  vehicles  or  cattle.  In  wide 
bridges  the  cross-girders,  if  they  rest  on  the  bottom  members  of  the 
main  girders,  must  be  long,  and  the  depth  of  such  cross-girders  is 
sometimes  inconvenient,  as  diminishing  the  headway  below  the 
bridge  or  involving  steep  approaches.    By  interposing  a  central  main 
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girder  the  span  and  depth  of  the  cross-girder  may  be  reduced.  But 
in  deck  bridges,  where  the  cross-girders  rest  on  the  top  of  the  main 
girders,  the  roadway  may  be  made  to  overhang  so  that  the  span  of 
the  cross-girders  is  reduced. 

{c)  The  kind  of  Roadway  Material. — The  selection  of  roadway 
material  is  governed  by  the  kinds  which  are  obtainable  in  the  neigh- 
bourhood of  the  bridge,  by  the  nature  of  the  traffic,  by  the  climate, 
by  the  degree  of  permanency  desired,  and  finally,  by  the  weight  of 
the  material  itself,  and  the  consequent  strength  required  in  the 
bridge  to  support  it.  Timber  is  the  lightest  material,  but  if  used  as 
part  of  the  structure  will  not  last  long,  and  is  subject  to  destruction 
by  fire.  It  is  in  cold  dry  climates  that  timber  is  ofienest  used  for 
highway  bridges,  an  upper  layer  of  wearing  planks,  which  can  be 
renewed,  being  placed  upon  a  complete  timber  platform.  Timber 
blocks  may  be  used  on  iron  highway  bridges,  and  such  a  roadway 
weighs  from  40  lbs.  to  60  lbs.  per  square  foot  of  surface,  including 
8  lbs.  for  gravel,  bitumenised  ashes,  or  asphalte,  on  which  to  bed 
the  blocks.  Macadam  is  commonly  used  on  highway  bridges,  and 
from  8  in.  to  14  in.  of  macadam,  or  macadam  on  concrete,  is 
generally  adopted,  the  exact  thickness  depending  on  the  nature  of 
the  traffic.  For  every  inch  in  thickness  of  concrete  or  macadam,  a 
weight  of  about  10  lbs.  per  square  foot  of  surface  is  imposed  In 
cities  where  heavy  traffic  must  be  provided  for,  granite  blocks  on 
concrete  are  often  used^  and  for  this  kind  of  roadway  a  weight  of 
from  200  lbs.  to  300  lbs.  per  square  foot  should  be  allowed. 
Macadam  is  sometimes  placed  on  a  timber  platform;  but  for  any 
of  the  materials  enumerated  above,  except  wooden  planks  and  blocks, 
a  complete  platform  of  iron  or  steel  plates  should  be  provided. 
Generally,  rolled  plates,  either  flat,  curved,  buckled,  or  corrugated, 
of  from  \  in.  to  ^  in.  thick,  are  used,  and  as  such  plates,  including 
fiaistenings  and  connections,  add  from  12  lbs.  to  25  lbs.  per  square 
foot  to  the  weight  of  the  bridge,  the  cost  of  the  structure  is 
increased.  Very  great  care,  both  in  design  and  workmanship,  is 
necessary  to  keep  the  platform  of  a  wrought-iron  bridge  water-tight, 
especially  under  railway  traffic.  Cast  iron  is  admirably  adapted  for 
the  platforms  of  highway  bridges  which  have  to  sustain  very  heavy 
loads;  such  plates  are  made  in  various  forms— flat,  ribbed,  buckled, 
or  corrugated;  they  can  by  caulking  be  made  permanently  water- 
tight, and  they  are  more  lasting  against  rust  than  wrought-iron  or 
steel  plates.      In  the  case  of  a  strong  cast-iron  arched  bridge  to 
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carry  heavy  city  traffic,  with  a  roadway  either  of  granite,  macadam, 
asphalte,  or  wood  blocks,  a  substratum  of  concrete  on  cast-iron 
plates  is  the  best  that  can  be  adopted.  In  London,  Southwark 
Bridge  over  the  Thames,  and  the  Holbom  Viaduct  over  Farringdon 
Street,  afford  examples  of  this  combination. 

In  railway  bridges  the  cheapest  plan  is  to  have  no  deck  or  road- 
way material,  but  to  lay  the  rails  upon  longitudinal  or  cross  sleepers 
placed  directly  upon  the  bridge  framework.  Such  a  plan  has  been 
frequently  adopted  where  cheapness  was  desired  \  but  as  sometimes 
the  trains  have  left  the  rails  on  such  bridges,  and  the  sleepers,  unable 
to  resist  the  shock,  have  given  way  and  allowed  the  train  to  fall 
through,  the  system  is  seldom  now  adopted,  and  is  often  forbidden  by 
laws  or  official  regulations.  In  the  best  railway  bridges  a  platform  of 
iron  or  steel  plates  is  constructed,  upon  which  ballast  can  be  laid,  so 
that  the  ordinary  system  of  permanent  way  is  unaltered  :  the  ballast 
acts  as  a  cushion  on  which  the  trains  run  smoothly  and  with  the  mini- 
mum of  noise,  and  there  is  no  danger  from  fire.  In  other  cases, 
where  the  rails  are  laid  on  longitudinal  or  cross-sleepers  without 
ballast,  a  complete  deck  of  strong  planking  is  provided,  resting  on 
cross-girders  sufficiently  near  together  to  sustain  a  train  which  has 
left  the  rails ;  and  such  a  deck  can  be  covered  with  sand,  ashes,  or 
sheet-iron,  to  render  it  uninflammable.  Guard  timbers  should 
be  placed  at  the  sides  of  the  rails  to  keep  a  train  from  leaving  the 
track.     In  cities,  railway  bridge-floors  must  be  water-tight 

(d)  The  amount  of  Moving  Load  to  be  provided  for. — The  weight  of 
a  crowd  of  persbns  has  been  estimated  by  different  engineers  at  from 
60  lbs.  to  100  lbs.  per  square  foot,  although  on  a  small  area,  as  in  the 
crowded  entrance  to  a  theatre,  a  greater  weight  may  be  concentrated. 
Men  placed  close  together  on  a  weigh-bridge  have  been  found  to 
impose  a  load  of  84  lbs.  per  square  foot,  and  with  any  greater  density 
movement  would  become  impossible.  With  regard  to  the  weight 
of  vehicles  on  a  bridge,  it  is  seldom  that  an  average  load  of  more 
than  45  lbs.  per  square  foot,  or  360  lbs.  per  lineal  foot  of  each  line 
of  traffic,  is  put  upon  the  whole  surface  of  a  bridge,  except  in  the 
case  of  small  spans  (say  under  50  ft) ;  and  even  London  Bridge 
when  most  crowded  would  probably  not  have  more.  The  effect  of 
loaded  vehicles  depends  greatly  on  the  length  and  width  of  the 
space  covered  by  the  vehicles,  their  overhanging  loads,  and  the 
horses,  and  on  the  length  and  width  of  the  wheel  base.  In  England 
a  vehicle  weighing  12  tons,  on  four  wheels  with  a  wheel  base  of  10  ft 
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and  a  wheel  gauge  of  5  ft,  is  seldom  exceeded.  A  heavy  traction 
engine  imposes  a  load  of  280  lb.  per  square  foot,  and  a  steam  road- 
roller  336  lb.  Provision  must  therefore  be  made  in  the  strength  and 
arrangement  of  the  cross-girders  and  other  local  parts  which  may 
have  to  sustain  concentrate^!  loads.  But  even  with  occasional  loads 
of  this  kind,  one  such  vehicle  and  the  rest  of  the  bridge  loaded  with 
80  lbs.  need  be  alone  provided  for.  In  the  case  of  spans  under 
40  ft.,  it  will  be  found  that  the  necessity  for  providing  for  a  con- 
centrated local  load  will  bring  up  the  average  for  the  entire  surface 
much  higher  than  for  the  longer  spans,  while  for  spans  longer  than 
100  ft  a  less  load  may  be  assumed,  although  for  these  longer  spans, 
in  cases  where  heavy  road  material  is  used,  it  is  of  small  con- 
sequence whether  the  moving  load  be  a  little  more  or  less,  as  such  a 
circumstance  has  but  slight  effect  on  the  total  strains  on  the  bridge. 
There  are  no  official  rules  in  England  for  the  loads  on  road  bridges. 
The  standard  in  France  is  200  kilos,  per  square  mttre  =  41  lbs,  per 
square  foot  Troops  on  march,  21  in.  in  rank  and  30  in.  pace, 
occupy  4 '37  superficial  feet  per  man,  and  (allowing  154  lbs.  per 
man)  impose  a  load  of  36  lbs.  per  square  foot  The  following  may 
be  taken  as  safe  limits  for  moving  loads,  the  exact  weights  depending 

• 
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In  the  case  of  railway  bridges  for  standard-gauge  lines  \\  ton 
per  lineal  foot  for  a  single  line,  and  3  tons  per  lineal  foot  for  a 
double  line,  are  loads  seldom  exceeded.  But  for  spans  shorter 
than  40  ft  the  concentrated  load  of  a  heavy  engine  with  a  short 
wheel-base  will  tell  with  greater  effect,  and  the  bridge-  should  be 
made  stronger  accordingly.  For  example,  with  a  heavy  tank-engine, 
weighing  when  equipped  48  tons  on  a  wheel-base  of  16  ft  (this 
being  an  example  of  the  heaviest  concentrated  weight  of  an  English 
locomotive),  a  load  equal  to  a  disturbed  weight  of  nearly  2\  tons 
per  lineal  foot  would  be  imposed  on  a  bridge  of  20  ft  span,  although, 
since  the  extreme  length  outside  the  buffers  would  be  30  ft,  no  more 
than  I J  ton  per  lineal  foot  could  be  imposed  on  a>  bridge  of  100  ft. 
span,  if  a  train  of  such  engines  were  placed  upon  it  In  cold  climates 
a  bridge  may  be  loaded  with  snow  and  have  in  addition  a  rotary  snow 
plough  pushed  by  three  locomotives.     In  the  official  regulations  of 
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most  countries,  it  is  considered  unnecessary  in  the  case  of  long-span 
bridges  to  provide  for  a  load  of  locomotives  all  over  the  bridge,  and 
beyond  loo  fc  span  the  \\  ton  per  lineal  foot  for  each  line  of 
way  is  reduced.  The  following  are  safe  limits  of  moving  loads  for 
standard-gauge  railways : — 

For  spans  up  to    20  ft.  2\  tons  per  lineal  foot  (for  each  line). 
20  ft.  to    ^o  ft.  2 
50  ft.  to    80  ft.  \\ 
80  ft.  to  120  ft.  \\ 
above  120  ft.  \\ 
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In  regard  to  the  loading  of  railway  bridges,  it  must  be  borne  in 
mind  that  locomotives  have  been  made  much  heavier  than  formerly ; 
and  as  the  use  of  heavy  steel  rails  facilitates  the  employment  of 
heavy  engines,  a  still  further  increase  of  weight  must  be  looked  upon 
as  possible  by  the  bridge  designer.  On  the  other  hand,  modern 
locomotives  are  designed  with  more  regard  than  formerly  to  an  equal 
distribution  of  the  load  on  the  various  wheels,  and  this  of  course 
reduces  the  local  pressure  upon  the  individual  cross-girders  of  a 
bridge. 

(e)  The  Margin  of  Safety  required. — There  are  various  ways  of 
estimating  or  expressing  the  margin  of  strength  which  is  given  to  a 
bridge.  Generally  the  dead  weight  and  moving  load  are  added 
together,  and  the  strain  upon  the  steel  due  to  the  total  load  thus 
obtained  is  compared  with  the  supposed  breaking  strain  of  the  steel. 
But  by  some  engineers  the  dead  and  moving  loads  are  considered 
separately,  the  former  being  treated  as  constant,  and  the  latter  (as 
the  one  to  which  wear  and  tear,  vibration  and  possible  accidents 
will  be  due)  being  taken  as  the  important  factor.  From  this  point 
of  view  the  degree  of  safety  is  stated  according  to  the  number  of 
times  the  moving  load  may  be  multiplied  before  the  bridge  will 
break.  There  are  also  more  alterations  of  stress  upon  some  parts 
of  a  bridge  than  on  others.  Thus  the  cross-girders,  while  fully 
strained  when  a  train  passes,  may  have  no  strain  when  the  bridge  is 
empty,  and  such  frequent  and  extreme  changes  tend  to  weaken  the 
girders.  On  the  other  hand  the  main  girders,  having  always  to 
sustain  the  dead  load  of  the  bridge,  will  not  be  so  much  affected  by 
the  passage  of  a  train.  That  is  to  say,  the  Range  of  stress  has  also  to 
be  considered,  although  it  was  ignored  in  the  earlier  iron  bridges 
and  until  the  failure  of  certain  structures  showed  the  importance  of 
it     For  apart  from  the  amount  of  the  maximum  stress,  the  degree 
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of  variation  is  of  importance  and  there  is  a  wider  range  in  some 

parts  of  a  structure  than  in  others.     In  a  bridge  of  small  span  the 

weight  of  the  structure  itself  will  impose  only  a  small  proportion  of 

the  total  strains  on  the  parts,  the  larger  proportion  being  due  to 

the  moving  loads.     But  in  a  long-span  bridge  the  weight  of  the 

structure  will  be  the  principal  factor,  and  the  additional  effect  of  the 

passing  load  will  add  but  slightly  to  the  total.     In  such  a  bridge 

therefore  the  range  of  stress  in  the  main  girders  is  small  while  in 

the    cross-girders  it  is  severe.       The   greatest    change    of   stress 

occurs  in  those  parts  which  are  subjected  to  alternate  tension  and 

compression.     This  range  of  stress,  as  well  as  the  maximum  stress.    Range  of  strest. 

should  be  held  in  view  in  determining  the  factor  of  safety.     Thus,  if 

5  tons  per  inch  be  deemed  a  safe  normal  strain  for  iron,  some  parts 

should  not  be  strained  more  than  2  tons,  and  others  may  be  safely 

subjected  to  6  tons.     Or  if  steel  be  the  material,  with  a  safe  nonnal 

stress  of  6^  tons,  then  3  tons  and  8  tons  may  be  the  proper  limits. 

Although  the  method  of  stating  the  margin  of  safety  by  a  com- 
parison of  the  working  load  with  a  breaking  load  is  usual,  and  has 
therefore  been  followed  here,  it  should  be  observed  that  a  bridge  Excessive  loads, 
will  be  irreparably  damaged  with  a  load  much  less  than  that  which 
would  break  it  The  limit  of  elasticity  in  iron,  or  the  point  at  which 
it  ceases  to  recover  its  shape  after  a  strain  is  removed,  is  generally 
about  one-half  of  the  ultimate  or  breaking  limit,  and  in  steel  about 
three-fifths.  Thus  in  a  bridge  made  of  iron  equal  to  a  breaking 
strain  of  20  tons  per  square  inch,  9  or  10  tons  per  square  inch 
would  pr<)bably  be  its  limit  of  elasticity,  and  in  steel  of  28  tons,  the 
limit  ranges  from  15  to  17  tons ;  and  if  once  loaded  beyond  this  point 
it  would  never  recover  from  the  stretching  or  deflection  it  had  under- 
gone. And  as  the  joints  and  other  parts  would  have  been  perma- 
nently elongated,  they  would  be  more  liable  than  before  to  become 
rusty  or  loose;  and  the  term  of  endurance  of  the  bridge  would 
be  reduced,  even  if  such  a  heavy  load  were  never  again  applied. 

Regard  should  also  be  given  in  the  calculation  to  another  impor- 
tant consideration,  which  is  only  slightly  due  to  the  moving  load, 
namely,  the  deterioration  of  the  bridge  by  rust — a  point  which  is 
unfortunately  often  neglected.  Although  there  has  not  yet  been 
sufficient  experience  of  modern  steel  bridges  to  allow  an  exact 
estimate  of  their  term  of  endurance,  the  experience  already  accumu- 
lated shows  that  while  bridges  of  the  strength  given  by  the  best 
engineers  will  last,  even  under  railway  traffic,  for  a  very  long  time, 
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if  they  are  so  designed  as  to  allow  access  to  all  parts  for  painting, 
and  if  the  painting  is  properly  attended  to,  yet,  owing  to  the  neglect 
of  these  conditions,  iron  bridges  have  rapidly  deteriorated.  England, 
because  of  its  climate,  affords  conspicuous  examples  of  the  effect  of 
rust,  especially  in  towns  where  there  is  a  vitiated  atmosphere,  and 
the  painting  is  too  often  considered  a  matter  of  small  importance. 
The  first  painting  of  rolled  iron  or  steel,  if  done  only  in  the 
ordinary  way,  is  of  far  less  consequence  than  the  proper  painting 
after  the  first  coatings  of  paint  have  decayed :  for  unless  the 
black  scale,  or  peroxide  (formed  on  the  iron  by  its  contact  with  the 
air  during  rolling),  is  removed,  as  is  customary  only  as  a  prelimi- 
nary to  galvanising,  neither  oiling  nor  painting  will  penuanently 
prevent  the  scale  from  coming  off.  Very  slight  differences  in  the 
chemical  constituents  of  steel,  or  even  in  the  temperature  at  which 
the  last  work  in  rolling  has  been  done,  seem  to  have  considerable 
effect  in  rendering  it  liable  to  rust  On  the  whole  steel  is  more 
susceptible  than  iron.  Cast  iron  is  much  less  vulnerable  than  relied 
iron  or  steel,  and  it  is  easier  to  preserve  its  outer  skin  by  paint. 
Since  the  year  1880  a  great  number  of  the  earlier  railway  bridges 
have  had  to  be  strengthened  and  renewed  owing  to  the  deterioration 
by  rust,  increased  by  the  effect  of  heavier  rolling  stock. 

(/)  The  Degree  of  Ornamentation, — Iron  bridges,  especially  girder 
bridges,  often  offend  the  eye  by  their  shape  or  obtrusivenesss,  and 
the  engineer  is  blamed  for  a  want  of  taste  in  his  design.  Too  often, 
however,  the  exigencies  of  the  site  render  it  impossible  to  give  a 
graceful  appearance  in  a  structure  which  has  to  carry  certain  loads ; 
and  although  sometimes  the  difficulty  might  be  overcome  by  a 
moderate  expenditure  of  money,  the  engineer  is  not  always  master 
of  the  situation.  One  of  the  most  frequent  difficulties  is  that  arising 
from  the  levels,  and  certain  forms  of  structure  become  necessary 
which  could  be  avoided  if  the  engineer  had  free  scope  in  his  design. 
Where  an  engineer  is  not  restricted  by  secondary  considerations  or 
Design  limited  by  vested  interests  which  limit  his  choice  of  design,  it  will  generally  be 
vested'intereBts.     found  that  the  form  of  bridge  which  is,  constructionally,  best  suited 

for  the  purpose  in  view,  is  also  the  most  appropriate  in  appearance, 
except  in  the  opinion  of  those  who  would  banish  iron  and  other 
modern  facilities  altogether.  An  arched  bridge  may,  in  a  city,  if 
aesthetic  reasons  prevail,  be  often  substituted  with  advantage  for  a 
girder  bridge,  even  where  the  construction  of  artificial  abutments  will 
involve  an  expenditure  of  money  not  needed  for  a  girder  bridge. 
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In  regard  to  appearance,  an  arched  bridge  has  the  great  advantage 
that,  while  occupying  in  the  centre  of  the  arch  but  little  of  the  head- 
way below  the  platform,  the  parapet  is  the  only  f)art  of  the  structure 
which  projects  above  it,  while  the  same  headway  could  only  be 
obtained  below  girders  of  similar  span  by  having  them  high  above 
the  roadway. 

In  cases  where  girders  can  be  placed  below  the  roadway,  the 
design  of  the  parapet-railing,  the  lamps,  and  other  supplementary 
details,  may  be  arranged  in  different  ways,  according  to  the  money 
at  command.  An  engineer  should  always  be  informed  whether 
purely  utilitarian  considerations  are  to  prevail,  or  whether  some 
latitude  in  regard  to  ornament  is  to  be  allowed  him. 
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The  circumstances  which  determine  the  Choice  of  System  in 
bridge-building  are  so  various,  and  produce  such  numerous  combina- 
tions, that  designs  can  seldom  be  exactly  repeated,  and  it  is  for  this 
reason  that  bridges  cannot  conveniently  be  tabulated  in  regard  to 
form,  dimensions,  weight,  and  cost  in  the  manner  common  with  other 
engineering  manufactures,  such  as  steam  engines  or  machines,  which, 
being  self-contained  and  almost  independent  of  site,  are  catalogued 
with  precision.  In  a  country  like  Great  Britain,  intersected  by 
numerous  roads,  railways,  canals,  and  navigable  rivers,  the  engineer 
in  designing  a  new  bridge  has  the  choice  of  form  or  system  greatly 
narrowed  by  the  numerous  vested  interests  which  prevail,  and  which 
demand  a  conformity  to  levels  and  other  conditions  which  he  cannot 
escape.  In  more  newly-settled  countries,  the  engineer  is  free  from 
many  of  these  restrictions,  and  can  choose  a  design  best  suited  to  the 
interest  he  has  immediately  in  view ;  and  can  especially  do  so  where 
the  Government  of  the  country  assists  by  granting  facilities  or  im- 
munities. Not  only,  however,  is  there  free  scope  for  design  in  such 
cases,  but  economy  may  be  often  obtained  by  making  of  similar  type 
and  span  numerous  bridges,  the  roads  and  other  works  that  follow 
after  being  made  to  conform  to  the  bridges  which  precede  them. 
This  plan  allows  also  much  saving  in  the  time  of  manufacture,  as 
the  designs,  patterns,  and  even  parts  of  the  bridges  may  be  kept 
in  readiness. 

It  is  not,  however,  attempted  here  to  classify  bridges  according  to 
any  scientific  method,  but  rather  to  show  that  there  are  certain  rules 
enforced  by  the  exigencies  of  the  sites  which  apply  to  all  kinds  of 
bridges.     To  show  clearly  the  variety  in  design  which  prevails  to 
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meet  different  cases,  the  following  eighteen  examples  of  bridges  have 
been  selected,  each  of  similar  span,  but  fulfilling  very  different 
requirements ;  and  not  only  might  this  list  be  greatly  extended,  but, 
as  will  clearly  appear  from  the  nature  of  the  differences,  they  might 
be  interwoven,  combined  and  multiplied  without  difficulty  into  one 
hundred  or  more  variations.  As  was  seen  on  page  137,  the  position 
of  the  superstructure  in  relation  to  the  level  of  the  roadway  is  the 
point  of  view  from  which  the  different  bridges  are  classed.  In 
examples  A  to  L  of  **  deck  "  bridges,  the  load  is  carried  on  the  upper 
part  of  the  structure,  which  thus  projects  below  the  roadway.  In 
examples  M  to  S  of  "  through "  bridges,  the  load  is  carried  on  the 
lower  part  of  the  structure,  thus  affording  a  freer  headway  below  the 
bridge  platform.  In  regard  to  the  form  of  elevation,  the  possible 
variety  is  too  great  to  be  enumerated  here,  and  only  some  of  them 
are  incidentally  referred  to  in  the  following  list. 

The  wrought  iron  used  in  England  for  bridges  is  of  a  quality  equal 
to  a  breaking  strain  of  from  20  to  22  tons  per  square  inch,  and  steel  of 
from  27  to  32  tons.  In  the  following  examples  steel  of  a  quality  equal 
to  28  tons  has  been  assumed,  and  a  working  strain  of  6J^  tons  under 
the  maximum  load.     Wasting  by  rust  has  also  been  allowed  for. 

The  cost  of  an  iron  or  steel  bridge  of  course  varies  according  to 
the  current  prices  of  the  plates  and  bars  of  which  it  is  composed ; 
and  in  the  following  examples,  while  the  different  systems  of  con- 
struction would,  in  regard  to  cost,  not  alter  much  in  relation  to  each 
other,  the  actual  price  of  any  bridge  at  a  particular  time  would 
depend  upon  the  prices  then  current  for  iron  and  steel.  During  the 
twenty  years  ending  1898  the  prices  of  iron  plates  and  bars  as  used 
in  bridges  ranged  from  a  minimum  of  jQs  W^  ^^"^  ^^  ^  maximum  of 
jQi2,  Steel,  which  in  1880  cost  about  jQ^  per  ton  more  than  rolled 
iron,  in  1898  cost  about  the  same.  The  cost  per  ton  of  the  bridges 
given  in  the  following  examples  may  be  approximately  estimated  by 
adding  from  j£6  to  jQio  to  the  current  cost  of  iron  or  steel,  the  lower 
rate  being  added  for  bridges  like  examples  J  or  R  where  the  weight 
and  repetition  of  parts  are  considerable,  and  the  higher  rate  for 
bridges  like  examples  A  or  M  where  the  weight  is  small  in  relation 
to  the  labour  required.  Such  an  estimate  would  include  the  carriage 
to  the  port  of  shipment  in  the  country  of  manufacture,  but  not  the 
cost  of  erection  on  the  site.  From  ^£2  to  jQ$  per  ton  are  limits 
which  will  embrace  the  cost  of  erection  in  the  great  majority  of 
cases,  the  exact  cost  being  determined  by  the  nature  of  the  site,  the 
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need  of  staging,  the  difficulty  of  fixing  staging,  the  cost  of  labour,  and 
other  similar  circumstances.  The  Examples  treat  only  of  the  super- 
structure, as  the  piers  are  even  more  dependent  on  local  circum- 
stances, and  must  be  treated  accordingly. 

Example  A. — A  bridge  100  ft.  span  and  6  ft  wide,  for  carrying 
foot  passengers  or  beasts  of  burden,  equal  to  a  moving  load  of  80  lbs. 
per  square  foot.  The  bridge  is  composed  of  two  main  girders  10  ft. 
deep,  placed  5  ft.  apart,  and  braced  together  below  the  platform. 


Cross  beams  of  timber,  bolted  on  to  the  girders  at  intervals,  support 
a  platform  of  longitudinal  or  diagonal  planking.  A  light  wrought 
iron  railing  is  fixed  at  each  side.  The  iron  or  steel  work  would 
weigh  about  10  tons. 

Example  B. — ^A  bridge  100  ft  span  and  10  ft  wide,  for  carrying 
a  single  line  of  standard-gauge  railway  equal  to  a  moving  load  of 
I J  tons  per  lineal  foot  The  bridge  is  formed  of  two  main  girders 
ID  ft  deep,  placed  5  ft  apart,  and  braced  ^____^^_^^__^ 
together;  cross  beams  of  timber  support 
the  longitudinal  sleepers,  to  which  the  rails 
are  spiked.  Longitudinal  planking  between 
the  rails  serves  as  a  footpath ;  guard-timbers 
are  placed  along  the  edge  of  the  platform,  but  there  are  no  parapets. 
The  ironwork  would  weigh  about  24  tons,  or  if  of  steel  about 
22  tons. 

Example  C. — A  bridge  100  ft.  span  and  14  ft  wide  for  carrying 
a  single-line  standard-gauge  railway,  equal  to  a  moving  load  ,of 
i^  tons  per  lineal  foot  The  bridge  is  formed  of  two  main  girders 
xo  ft  deep,  placed  8  ft  apart,  and  braced  together.  Cross-girders 
are  placed  10  ft.  apart,  and  attached  to  them 
are  steel  longitudinal  rail-bearers,  supporting 
cross-sleepers  of  timber  2  ft  6  in.  apart,  to 
which  the  rails  are  attached  in  the  ordinary 
way,  by  chairs  or  spikes.  Between  and  out- 
side the  rails  a  deck  or  platform  of  planking 
is  provided,  and  there  is  a  light  parapet-railing.  The  bridge  if  of 
ironwork  would  weigh  about  38  tons,  and  if  of  steel  about  34  tons. 
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Example  D. — A  bridge  loo  ft.  span  and  i8  ft.  wide,  for  carrying 
highway  traffic  equal  to  a  moving  load  of  80  lbs.  per  square  ft)Ot. 
The  bridge  is  formed  of  two  main  girders  10  ft.  deep,  placed  14  ft 
apart,  and  braced  together.     Upon  steel  cross-girders  5  ft  apart  a 

platform  of  longitudinal  planking  4  in.  thick 
is  placed,  and  there  is  an  upper  surface  of 
^^  earing  planks  which  can  be  renewed  when 
required.  A  strong  iron  parapet- railing  is 
fixed  on  each  side.  The  weight  of  steel- 
work would  be  about  33  tons.  In  a  bridge 
of  this  kind  the  longitudinal  planks  should  be  laid  with  i  in.  space 
between  them,  so  that  the  air  can  circulate ;  and  if  the  timber  is  of 
good  quality,  such  a  platform  will  last  for  many  years  in  any  but  an  ex- 
ceptionally destructive  climate.  A  bridge  of  this  description  is  not  only 
strong  enough  to  sustain  an  average  load  of  80  lbs.,  but  the  concen- 
trated load  of  a  waggon  with  5  tons  on  each  pair  of  wheels.  It 
would  not  be  strong  enough  to  carry  a  heavy  traction-engine  safely. 

Example  E, — A  bridge  of  100  ft.  span  and  26  ft  wide,  for  a 
double  line  of  standard-gauge  railway  equal  to  a  moving  load  of 
3  tons  per  lineal  foot  The  bridge  is  formed  of  two  main  girders 
10  ft.  deep  placed  16  ft  apart,  and  braced  together.  Steel  cross- 
girders  are  placed  10  ft.  apart,  and  attached  to  them  are  longitudinal 
rail-bearers ;  and  on  the  framework  thus  composed  are  cross  timbers 
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or  sleepers,  to  which  the  rails  are  spiked,  and 
there  is  also  a  complete  deck  of  planking.  The 
timber  alone  would  impose  a  weight  of  about 
25  lbs.  per  square  foot,  or  650  lbs.  per  lineal 
foot  of  bridge.  On  each  side  of  the  bridge  is  a 
light  wrought-iron  railing.  The  steel  and  iron- 
work would  weigh  about  64  tons.  A  bridge  of 
this  kind,  as  compared  with  a  similar  bridge  half  the  width  for  a  single- 
line  railway,  requires  main  girders  stronger  and  heavier  approxi- 
mately in  a  similar  proportion,  t.e,  double  that  of  the  narrower 
bridge;  but  the  cross-girders,  being  of  longer  span,  would  be 
more   than   twice    as    heavy    as    in    the    narrower    bridge.      The 
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alternative  plan,  therefore,  presents  itself  of  having  three  or 
four  main  girders  instead  of  two^  and  so  reducing  the  span  between 
the  bearings  of  the  cross-girders.  There  are,  however,  certain  parts 
of  the  main  girders  which  cannot  in  practice  be  reduced  in  weight 
exactly  in  accordance  with  the  diminution  of  the  loads,  and  there- 
fore some  of  the  saving  effected  in  the  cross-girders  would  be  lost  in 
the  additional  weight  which  the  three  or  four  light  main  girders 
would  have  as  compared  with  the  weight  of  two  main  girders.  Each 
case  must  be  considered  on  its  own  merits  according  to  the  span,  the 
loads,  the  depth  of  girder,  and  other  circumstances. 

Example  F, — A  bridge  loo  ft.  span  and  32  ft.  wide,  for  carrying 
heavy  highway  traffic  equal  to  a  moving  load  of  100  lbs.  per  square 
foot  The  bridge  is  formed  of  three  main  girders  10  ft.  deep,  placed 
II  ft  apart,  and  braced 
together;  and  resting  upon  t; 
them   are  cross-girders   5   ft. 
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apart,  which  project  as  canti-  | 
levers  to  carry  the  footpaths. 
A  platform  of  corrugated 
plates,  riveted  to  the  cross-girders,  carries  the  road  macadam, 
which  is  4  in.  thick  on  8  in.  of  concrete,  the  plates  and  the  road 
material  together  imposing  a  dead  load  of  about  160  lbs.  per 
square  foot  on  the  bridge.  On  each  side  is  fixed  a  strong  iron 
railing.  The  bridge  could  be  divided  into  a  carriage  way  of  18  ft. 
to  20  ft.,  sufficient  for  two  lines  of  vehicles,  and  two  footpaths  of  6  ft. 
to  7  ft ;  asphalte  |-in.  thick  on  the  concrete  being  substituted  for 
macadam  at  the  footpaths.  A  moving  load  of  100  lbs.  per  square 
foot  of  the  entire  surface  being  assumed,  the  local  supports  are  also 
strong  enough  to  allow  a  traction  engine  to  pass  safely  if  a  maximum 
load  of  10  tons  on  any  one  pair  of  wheels  be  not  exceeded-  The 
weight  of  steel  and  iron  in  the  bridge  would  be  about  98  tons.  As 
the  central  main  girder  has  to  be  made  stronger  than  the  side  girders, 
it  is  sometimes  preferred  to  have  four  similar  girders,  in  fact  to  place 
two  single-line  bridges  side  by  side.  In  very  long  spans,  lateral 
stability  is  obtained  by  placing  the  two  structures  some  feet  apart 
and  bracing  between. 

The  foregoing  examples,  A  to  F,  are  alike  in  having  riveted 
girders  of  the  trellis  or  lattice  kind ;  in  having  a  depth  one-tenth  of 
the  span ;  and  in  having  the  roadway  upon  the  upper  part  of  the 
girders.  This  mode  of  placing  the  roadway  is  that  usually  adopted 
where  circumstances  permit ;  and  it  may  be  taken  as  the  best  and 
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simplest  method  according  to  the  English  system,  although  the  want 
Sn^agt  X37.       of  headway  below  the  bridge  often  forbids  its  adoption. 

A  saving  in  weight  and  cost  may  be  sometimes  obtained  by 
making  the  depth  more  than  one-tenth  of  the  span ;  but  as  girders 
so  proportioned  require  extra  stiffening  and  bracing,  they  are  not 
always  advantageous. 

Girders  are  frequently  made  of  a  depth  much  less  than  one-tenth 

of  the  span  j  one-twelfth  is  very  common,  and  from  one-fifteenth  to 

one-twentieth  were  considered  proper  proportions  in  the  earlier  days 

ShaUow  girders,    of  iron-girder  making.     Proportions  of  i  in  15  are  still  occasionally 

adopted,  and  i  in  20  may  be  taken  as  the  limit  even  for  continuous 
girders.  Shallow  girders  are  useful  when  the  headway  below  the 
bridge  is  limited  \  but  they  require  a  greater  expenditure  of  material 
than  deep  girders  of  equal  strength,  and  such  abnormal  proportions 
are  only  adopted  where  the  exigencies  of  the  site  demand  them. 
Deflect  more  than  Moreover,  even  when  the  same  strength,  as  represented  by  the  load- 
carrying  capacity  is  given,  a  shallow  bridge  is  less  rigid,  and  deflects 
more  than  one  with  a  well-proportioned  depth.  Example  J  shows  a 
means  of  minimising  this  difficulty. 

Plate-girders  (so  called  from  the  web  being  of  a  solid  plate,  as 
distinct  from  the  open  lattice  or  trellis  web)  which  for  girders  of 
ordinary  proportions  are  suitable  for  spans  up  to  50  ft,  are  generally 
preferable  also  for  spans  up  to  about  100  ft.,  where  the  depth  is 
limited  to  i  in  15,  as  the  greater  weight  of  steel  necessary  for  such 
shallow  girders  can  be  so  conveniently  applied.     The  three  systems 
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of  deep,  medium,  and  shallow  girders  would 
then  compare  approximately  as  shown  in 
Examples  G,  H,  J,  if  applied  to  a  bridge  of 
width,  platform,  and  load-carrying  capacity  the 
same  as  Example  F. 

Example  G,—K  steel  bridge  with  a  road- 
way 32  ft.  wide,  composed  of  three  pin-connected  trussed  girders, 
14  ft.  deep,  placed  11  ft.  apart  and  braced  together,  would  weigh 
about  84  tons. 
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Example  H. — A  bridge  of  similar  width  and  strength,  but  com- 
posed of  three  plate  girders,  7  ft.  deep,  would  weigh  about  100  tons. 
Where,  however,  the  headway  below  a  bridge  is  so  limited  as  to 
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require  such  shallow  girders,  the  necessary  strength  may  generally 
be  best  given,  as  in  Example  J,  by  numerous  girders  placed  near 
together,  requiring  no  cross-girders. 

Example  J. — A  bridge  100  ft.  span  and  32ft.  wide,  for  carrying 
highway  traffic.  The  bridge  is  formed  of  seven  main  girders, 
5  ft  deep,  placed  5  ft.  4  in.  apart,  and  braced  together.     There 
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are  no  cross-girders,  but  a  platform  of  steel  or  wrought-iron  plates 
is  riveted  directly  to  the  top  flanges  of  the  main  girders,  of  which 
indeed,  they  form  to  some  extent,  by  such  an  arrangement,  an  effec- 
tive part.  The  roadway  material,  the  parapets,  and  the  strength  of 
the  bridge  per  square  foot,  are  similar  to  those  in  Examples  F,  G,  H. 
The  weight  of  iron  would  be  about  162  tons.  It  will  be  observed 
that  in  a  bridge  of  this  kind  the  depth  or  thickness  of  the  structure 
is  kept  down  not  only  by  the  moderate  depth  of  the  main  girders, 
but  by  the  absence  of  cross-girders. 

Still  within  the  class  of  Bridges  which  have  the  roadway  above 
the  structure,  an  arched  bridge,  as  in  the  following  Examples  K  and 
L,  allows  the  minimum  depth  of  parts  below,  if  a  cross-section  only 
at  the  centre  of  the  span  be  considered  ;  and  if  the  headway  below 
be  needed  for  the  passage  of  masted  vessels,  sufficient  height  at  the 
centre  of  the  arch  alone  is  necessary.  If,  however,  the  height  of  the 
headway  below  the  bridge  is  determined,  not  by  the  height  of  masted 
vessels,  but  by  the  level  of  flood-waters  which  must  pass,  or  of  floating 
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ice  or  trees,  headway  in  the  centre  only  of  the  arch  would  not  be 
sufficient :  and  it  is  besides  undesirable  that  the  springing  of  the  arch 
should  ever  be  below  the  water,  though  the  arch  would  leave  sufficient 
headway  if  unraasted  boats  only  have  to  pass,  and  if  the  flood  waters 
reach  only  to  the  level  of  the  springing. 

Example  K. — An  arched  bridge  loo  ft.  span,  and  32  ft.  wide,  for 
carrying  highway  traffic  equal  to  a  moving  load  of  80  lbs.  per  square 
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foot  of  surface,  or  a  vehicle  having  as  much  as  8  tons  on  one  pair 
of  wheels.  There  are  seven  main  ribs  of  steel,  having  a  depth  of 
2  ft  6  in.  (one-fortieth  of  the  span)  at  the  crown  of  the  arch,  braced 
together  transversely  by  lattice  frames.  The  platform  is  made  of 
6  in.  planking,  laid  transversely  on  the  arches,  with  wood  roadway 
blocks,  4  in.  deep,  bedded  on  the  planks  in  asphalte.  The  carriage- 
way is  20  ft.  wide,  for  a  double  line  of  vehicles,  and  there  are  two 
footpaths,  each  6  ft  wide,  of  narrow  oak  planking.  The  parapets 
are  formed  of  wrought-iron  railings,  with  cast-iron  standards.  The 
Cost  of  abutments  Steel  and  iron  work  would  weigh  about  62  tons.     Strong  abutments 

must  be  reckoned. 

are  necessary. 

In  comparing  the  cost  of  a  bridge  of  this  sort  with  that  of  a 
girder  bridge,  not  only  the  greater  cost  per  ton  of  the  arches  as  com- 
pared with  parallel  girders,  but  the  cost  of  the  abutments  also,  must 
be  taken  into  account  In  an  arched  bridge  the  abutments  must  be 
stable  enough  to  resist  the  horizontal  thrust  of  the  structure,  and  not, 
as  in  a  girder  bridge,  a  vertical  load  only,  and  the  cost  of  the  abut- 
ments would  depend  mainly  upon  the  suitability  of  the  soil  for 
foundations,  and  the  cost  of  building  materials. 

Example  L, — An  ornamental  cast-iron  arched  bridge,  100  ft  span 

and  53  ft  wide,  suited  to  carry  the  heaviest  street  traffic  of  a  city,  a 

moving  load  of  100  lbs.  per  square  foot  being  assumed,  the  bridge 

.y«/tf^*i48<&»6o3.  being  also  strong  enough  to  carry  a  traction-engine  or  a  steam-roller 

of  the  heaviest  kind  made  up  to  1898.     There  are  twelve  cast-iron 
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main  ribs,  each  formed  in  three  pieces  bolted  together,  and  2  ft.  6  in. 
deep  at  the  crown  of  the  arch,  the  ten  inner  ribs  being  of  a  plain  I 
section,  and  the  two  outer  ribs 
having  bold  mouldines  and  orna- 
mental spandril-fillings.  Trans- 
verse bracing-frames  of  cast  iron 
connect  the  main  ribs,  and  support  a  platform  of  cast-iron  corru- 
gated plates,  bolted  together  and  made  water-tight  by  caulking.  The 
carriage-way  is  35  ft  wide,  sufficient  for  four  lines  of  vehicles,  the 
road  being  formed  of  granite  blocks  8  in.  deep,  bedded  upon  concrete. 
The  footpaths  are  each  9  ft  wide,  formed  of  stone  slabs  on  concrete, 
the  dead  weight  of  plates,  concrete,  and  paving  averaging  300  lbs. 
per  square  foot  over  the  entire  surface  of  the  bridge.  On  either  side 
there  is  a  strong  parapet  of  ornamental  cast  iron.  The  weight  of 
ironwork  would  be  about  420  tons,  and  the  cost  from  j[^\2  to  £,\^ 
per  ton.  The  cost  of  decorative  painting  or  gilding  and  of  lamps  is 
not  included  above,  nor  in  any  of  the  previous  examples.  As  a  con- 
siderable part  of  the  cost  would  be  incurred  for  patterns  and  special 
preparations,  the  coat  per  ton  would  be  reduced  by  2  to  10  per  cent 
in  a  bridge  with  two  or  more  similar  spans,  as  these  expenses  would 
be  divided  over  a  larger  tonnage.  Cast  iron  is  the  material  best 
suited  for  an  iron  arched  bridge  with  a  heavy  dead  load,  as  in  this 
example,  and — except  where  the  cost  of  transporting  the  heavier 
weight  and  the  risks  of  breakage  during  transport  are  very  serious — 
is  superior  to  wrought  iron  or  rolled  steel,  because  while  sufficiently 
elastic  and  strong  against  compressive  strains,  it  is  less  liable  to  de- 
terioration by  rust.  The  weight  and  stability  of  cast  iron  is  specially 
suited  to  heavy  roadway  material  and  heavy  traffic.  South wark 
bridge  and  the  Holborn  Viaduct  bridge  are  examples  in  London. 

Following  the  classification  adopted  on  page  137  of  bridges  de- 
signed to  meet  the  exigencies  of  levels,  all  the  preceding  examples 
belong  to  the  category  of  bridges  with  the  roadway  on  the  upper  part 
of  the  structure.  The  examples  that  now  follow  belong  to  the  second 
category,  of  bridges  with  the  roadway  on  the  lower  part  of  the  struc- 
ture— a  system  seldom  preferred  except  when  the  limited  headway 
under  the  bridge  forbids  the  opposite  system.  For  where  the  girders 
are  above  the  platform  it  is  obviously  impossible  to  brace  between 
them,  unless  the  bracing  can  be  placed  high  enough  to  be  clear  of 
the  traffic  on  the  roadway.  In  bridges  over  a  railway  or  a  tramway 
headway  to  clear  the  engine  chimney  or  the  car  is  necessary,  and  in 
bridges  over  highways  a  clear  height  for  loaded  wagons.     In  cases 
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where  the  girders  are  not  high  enough  to  allow  this,  they  must  be 
stiffened  in  some  other  and  generally  more  expensive  way.  As  it  is 
usually  necessary  in  bridges  of  this  kind  that  the  main  girders  shall 
be  the  full  width  of  the  roadway  apart  (except  where  the  footways 
are  carried  on  brackets  outside  the  main  girders,  or  where  there  is  a 
central  main  girder),  the  span  of  the  cross-girders  is  greater  than 
when  they  can  (as  in  Examples  A  to  H)  be  made  to  overhang  the 
main  girders,  so  reducing  the  span  between  their  bearings,  and  con* 
sequently  their  weight  and  cost  Against  the  cost  thus  incurred  in 
bridges  of  this  kind,  known  sometimes  as  "through"  bridges,  must 
be  set  the  saving  in  parapets,  the  girders  themselves  partly  serving 
for  that  purpose. 

Example  M, — A  bridge  100  ft.  span  and  6  ft  wide  for  foot  pas- 
sengers or  beasts  of  burden,  equal  to  a  load  of  80  lbs.  per  square 
foot     The  bridge  is  formed  of  two  main  girders  10  ft  deep,  braced 


together  at  the  top.  Resting  upon  and  riveted  to  the  bottom  flanges 
of  the  main  girders,  or  suspended  to  them  by  bolts,  are  T  or  L  bars, 
serving  as  cross-girders,  on  which  are  placed  longitudinal  timbers,  to 
which  a  plank  floor  is  nailed.  The  main  girders  are  made  service- 
able as  parapets  by  the  addition  of  twisted  wire  ropes,  as  indicated 
by  the  dotted  hnes.  The  weight  of  iron  and  steel  would  be  about 
12  tons.  Foot-bridges,  with  the  roadway  on  the  lower  part  of  the 
structure,  are  often  made  with  bow-string  girders,  but  the  parallel 
girders  can  be  more  conveniently  held  at  the  ends. 
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Example  N, — A  bridge  100  ft  span  and  14  ft  wide  for  carrying 
a  single  line  of  standard-gauge  railway  equal  to  a  moving  load  of 
I J  tons  per  lineal  foot.  The  bridge  is  formed  of  two  main  girders 
10  ft  deep,  and  steel  cross-girders.  The  rails  are  carried  on  longitu- 
dinal steel  bearers  attached  to  the  cross-girders,  which  also  sustain  a 
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complete  deck  of  planking.     There  is  wire-rope  railing,  as  in  M. 
The  weight  of  iron  and  steel  would  be  about  37  tons. 

ExampU  O. — A  bridge  100  ft.  span  and  18  ft.  wide,  for  carry- 
ing highway  traffic  equal  to  a  moving  load  of  80  lbs.  per  square  foot, 
or  a  vehicle  with  5  tons  on  each  pair  of  wheels.  The  bridge  is  formed 
of  two  main  girders  lo  ft.  deep,  lattice- work  being  added  to  serve  as 
a  parapet  railing.     The  roadway  is  formed  of  longitudinal  planking 
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laid  upon  steel  cross-girders,  and  there  is  an  upper  layer  of  wearing 
planks  placed  transversely.  The  weight  of  steelwork  would  be  about 
36  tons.  There  is  little  difference  in  weight  between  this  bridge  and 
£xample  D,  as  the  cross-girders,  though  longer  in  span,  have  not  a 
heavy  weight  to  carry,  and  there  is  therefore  little  scope  for  saving 
weight. 

Example  /I— A  bridge  of  100  ft.  span  and  26  ft.  wide,  for  carry- 
ing a  double  line  of  standard-gauge  railway  equal  to  a  moving  load 
of  3  tons  per  lineal  foot     The  bridge  is  formed  of  two  main  girders 
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10  ft  deep,  and  a  platform  is  made  of  cross-girders  placed  10  ft. 
apart,  longitudinal  rail-bearers,  and  planking,  as  in  Example  N. 
The  weight  of  iron  and  steel  would  be  about  80  tons. 

Example  Q, — A  bridge  100  ft.  span  and  30  ft.  wide,  for  carrying 
highway  traffic  equal  to  a  moving  load  of  80  lbs.  per  square  foot,  or 
8  tons  on  a  pair  of  wheels ;  the  width  allowing  for  a  carriage-way  of 
20  ft,  and  two  footpaths  of  5  ft.  The  bridge  is  formed  of  two  main 
girders  to  ft  deep,  and  cross-girders  placed  5  ft  apart.  The  plat- 
form is  composed  of  planks  6  in.  thick,  laid  longitudinally  on  the 
cross-girders,  and  wood  roadway  blocks  4  in.  thick  are  bedded  in 
asphalte  on  the  planking.  If  2  ft  6  in.  (one-twelfth  of  their  length) 
were  allowed  for  the  depth  of  the  cross-girders,  and  i  ft  6  in.  for 
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the  thickness  of  road  material,  including  packing  and  curbs,  the 
main  girders  would  still  be  left  as  parapets  6  ft.  high  above  the  road 
level  As,  however,  in  a  highway  bridge  it  is  more  convenient  to 
have  a  parapet  of  moderate  height,  that  is  to  say,  4  ft.  instead  of  6  fl., 
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advantage  may  be  taken  of  this  circumstance  (if  the  levels  or 
gradients  of  the  approaches  in  their  relation  to  the  headway  below 
allow  it)  to  make  the  cross-girders  deeper,  and  by  such  an  economical 
application  of  material  to  reduce  their  weight.  A  depth  as  great 
even  as  one-fifth  of  the  span  may  be  given  to  the  cross-girders ;  but 
in  the  present  case  they  are  made  4  ft  6  in.  deep,  and  the  parapet  is 
only  4  ft.  high.  The  steel  and  ironwork  would  weigh  about  52  tons. 
Example  R. — A  bridge  100  fL  span  and  52  ft.  wide,  for  carrying 
four  lines  of  standard-gauge  railway  equal  to  a  moving  load  of  6  tons 
per  lineal  foot  The  bridge  is  formed  of  three  plate  main  girders 
10  ft.   deep,  the  centre  one  having  double  the  strength   of  the 
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outer  girders.  The  platform  is  formed  of  cross-girders,  longitudinal 
bearers,  and  buckled  plates.  Asphalte  J  in.  thick  and  ballast 
12  in,  thick  are  laid  upon  the  plates,  and  the  rails  are  attached  to 
longitudinal  or  cross  sleepers,  according  to  the  system  of  permanent 
way  in  use  on  the  railway,  this  method  being  preferred  by  many 
engineers.  The  plates,  ballast,  sleepers,  and  rails  would  together 
impose  a  weight  of  about  140  lbs.  per  square  foot  on  the  bridge. 
The  steelwork  would  weigh  about  235  tons. 

A  bridge  with  a  wide  roadway  constructed  in  this  way  compares 
favourably  in  weight  and  cost  with  one  in  which  only  two  main 
girders  are  employed,  as  cross-girders  spanning  the  whole  wudth  of 
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the  platform,  without  intermediate  support,  would  be  heavy  and 
expensive.  Or,  as  already  described  in  Example  F,  instead  of  one 
strong  central  girder,  two  girders  similar-  to  the  outer  ones  may  be 
employed.  Highway  bridges  are  not  so  often  made  with  central 
girders  in  this  way,  because  a  raised  girder  in  the  centre  of  the  road 
is  objectionable,  except  in  cases  where  it  can  be  utilised  for  dividing 
the  lines  of  traffic  But  where  owing  to  the  levels  of  the  approaches 
and  the  amount  of  headway  required  below  the  bridge,  cross-girders 
spanning  the  whole  width  would  by  their  depth  so  raise  the  height 
of  the  platform  as  to  render  the  gradient  of  the  approaches  excessive, 
intermediate  main  girders  become  necessary  to  allow  of  short  and 
shallow  cross-girders,  thus  dividmg  the  roadway  into  avenues,  the 
ends  of  the  central  girder  being  protected  by  guard-posts  and  lamps. 
In  a  bridge  with  a  narrow  carriage-way,  the  span  of  the  cross-girders 
may  be  kept  sufficiently  short  with  only  two  main  girders  by  carrying 
the  footpaths  on  brackets  outside  the  girders,  thus  leaving  the 
carriage-way  undivided. 

The  following  Example  shows  deep  riveted  girders  of  a  kind 
sometimes  employed. 

Example  S, — A  bridge  100  fL  span  and  26  ft.  wide,  for  carrying 
a  double  line  of  standard-gauge  railway  equal  to  a  moving  load  of 
3  tons  per  lineal  foot  The  bridge  is  formed  of  two  steel  main 
girders  14  ft.  deep  of  the  bowstring  kind,  this  name  being  given  to 
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girders  with  a  curved  upper  flange  and  a  horizontal  tension  member. 
In  the  present  case  the  upper  member  is  polygonal,  as  allowing  a 
cheaper  application  of  the  steel  than  if  it  had  to  be  cut  or  bent  to  a 
curve.  Under  most  conditions  of  loading,  girders  of  this  shape  can 
be  made  with  less  material  than  parallel  girders,  but  where  the  loads 
to  be  carried  are  light,  there  is  little  if  any  economy  in  practice. 
The  depth  of  the  main  girders  also  allows  a  reduction  in  the  weight. 
Cross-girders  are  placed  13  ft  apart;  there  are  also  longitudinal 
rail-bearers,  and  the  platform  is  made  as  in  Examples  N  and  P. 
The  steelwork  would  weigh  about  78  tons. 
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Referring  to  the  summary  remarks  on  page  157,  concerning 
Examples  A  to  F,  it  may  now  be  observed  that  Examples  M  to  R 
are  alike  in  having  riveted  girders  of  the  trellis  or  lattice  kind;  in 
having  a  depth  one-tenth  of  the  span ;  and  in  having  the  roadway  on 
the  lower  part  of  the  structure.  Girders  deeper  than  one-tenth  allow, 
as  has  already  been  said,  a  slight  saving  in  weight ;  but  in  the  case 
of  bridges  like  those  which  have  just  been  described,  such  girders  to 
be  effective  must  be  deep  enough  to  allow  overhead  bracing  without 
obstructing  the  roadway.  But  except  in  bridges  of  moderate  width, 
the  distance  to  be  spanned  by  the  overhead  bracing  renders  its  use 
difficult  or  practically  impossible;  and  if  deep  girders  are  made 
without  overhead  bracing,  the  expense  and  inconvenience  of  stiffen- 
ing them  in  some  other  way  greatly  reduces  the  saving  otherwise 
obtained.  A  headway  of  from  14  ft,  to  16  ft  is  generally  considered 
necessary  for  the  passage  of  loaded  vehicles;  a  locomotive  of 
standard  gauge  measures  about  13  ft.  6  in.  to  the  top  of  the  funnel ; 
a  passenger  tramcar  measures  from  10  to  1 1  ft.  from  the  ground  to  the 
top  rail  of  the  roof,  and  for  outside  passengers  standing  up  on  such  a 
car,  16  ft.  would  be  necessary.  The  Board  of  Trade  regulations  for 
bridges  in  England  prescribe  a  headway  of  16  ft.  for  highway  traffic 
under  railway  bridges.  But  for  overhead  bracing  on  highway  bridges, 
conditions  of  headway  may  be,  and  frequently  are,  relaxed,  and 
where  a  clear  headway  of  14  ft.  is  afforded,  overhead  bracing  may 
generally  be  permitted.  Trussed  girders  on  the  pin  system,  which 
may  be  made  as  deep  as  one-eighth  or  even  one-fifth  of  the  span, 
afford  then  a  height  for  overhead  bracing  in  spans  less  than  100  ft. 

The  necessity  for  girders  shallower  than  one-tenth  of  the  span 
does  not  arise  in  the  present  category  of  bridges  in  the  same  way  as 
with  those  previously  described,  since  it  may  be  assumed  that  there 
is  unlimited  space  above  the  platform  of  a  bridge.  But  deep  girders 
are  often  considered  unsightly;  they  may  obstruct  light  and  air; 
and  they  present  a  great  surface  to  the  wind.  In  cases  where  con- 
siderations such  as  these  prevail,  a  depth  of  less  than  one-tenth  may 
be  adopted.  In  some  situations  there  is  a  special  liability  to  wind 
pressure,  and  since  the  catastrophe  of  the  Tay  Bridge  this  liability 
has  received  more  attention  than  formerly.  Although  in  countries 
subject  to  cyclones  and  violent  hurricanes  the  extraordinary 
horizontal  pressure  of  100  lbs.  per  superficial  foot  may  have  been 
registered,  such  forces  are  concentrated  on  small  areas,  and  50  lbs. 
per  foot  would  be  enough  to  allow  for  the  whole  side  surface  of  a 
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large  bridge  structure  even  in  exposed  situations,  while  40  lbs.  is 
sufficient  in  Europe  and  in  moderate  climates. 

As  Arched  bridges  have  been  cited  as  the  kind  which  allow  the 
minimum  depths  of  parts  below  the  platform  in  the  centre  of  the 
span,  so,  in  the  present  category,  Suspension  bridges  might  be  said 
to  allow  the  minimum  height  of  structure  above  the  roadway  in  the 
centre  of  the  span. 

In  the  foregoing  examples  the  span  of  100  ft.  has  excluded 
Suspension  bridges,  which  are  seldom  used  for  spans  less  than  100  ft.; 
and  the  advantages  they  afford — except  sometimes  for  very  light  foot- 
bridges, or  when  the  difficulties  in  erecting  a  girder  bridge  are  very 
great — commence  generally  only  when  a  span  of  200  ft.  is  reached. 
As  an  arched  bridge  depends  for  its  stability  on  its  abutments,  so  a 
suspension  bridge  depends  on  the  anchorage  of  its  chains ;  and  the 
suitability  in  this  respect  of  the  site  and  available  building  materials  g^TrtTTTTTTill]^ 
greatly  determines  the  cost  or  expediency  of  such  a  bridge.  The 
ordinary  suspension  bridge,  in  which  the  platform  is  suspended  from 
a  catenary  chain,  is  necessarily  less  rigid  than  a  girder  or  arched 
bridge,  and  while  the  undulatory  movement  under  moving  loads 
of  a  platform  thus  suspended  does  not  render  it  unsafe  for  ordinary 
highway  traffic,  it  makes  such  bridges  unsuited  for  the  passage  of 
railway  trains,  except  in  the  case  of  very  long  spans — over  1,000  ft., 
where  the  great  weight  of  the  structure  gives  a  stability  less  suscep- 
tible to  the  impact  of  such  a  load  as  a  railway  train ;  and  with  some 
additional  stiffening  a  suspension  bridge  of  more  than  1,000  ft  span, 
if  strong  enough  for  highway  traffic,  would  carry  a  railway  also.  But 
there  have  been  various  improvements  in  suspension  bridges,  mainly 

in  the  direction  of  increased  rigidity,  and,  by  the  combination  of  other  'hT '"""■ii«n ■' ^ 

systems  of  construction,  suspension  bridges  may  be  designed  rigid      ^       -^ 

enough  for  railway  traffic.    Suspension  bridges  can  be  erected  from  the 

shores  of  a  river  or  ravine  without  the  need  for  temporary  staging  or 

any  other  intermediary  support  from  below ;  and  it  is  by  the  facilities 

afforded  in  this  respect  rather  than  by  any  economy  in  the  cost  of 

the  structure  itself,  which  in  very  many  cases  justify  ihe  choice  of  a 

suspension  bridge  rather  than  a  girder  bridge. 

Since  the  year  1875  there  has  been  a  great  development  of 
Cantilever  bridge  construction  which  allows  of  erection  over  wide 
and  deep  rivers  or  ravines  without  temporary  staging.  The  bndge 
over  the  Douro  at  Oporto  crosses  the  river  where  rocky  abutments 
favour  the  use  of  an  arched  structure.     The  bridge  has  a  total  length 
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of  1278  ft.  with  a  central  span  of  566  ft.,  there  being  both  a  high  level 
and  a  low  level  roadway.  The  arch,  whose  crown  is  204  ft.  above 
water,  was  projected  forward  from  each  shore,  the  segments  being 
held  by  temporary  suspension  cables  till  the  arch  was  completed. 
^^^P''-=='T^  The  Niagara  Bridge  (52)  has  a  central  span  of  315  ft.  with  a  height  of 
^  -jF^  125  ft.  above  the  water,  and  was  built  forward  without  staging.  The 
Blau  Kranz  Bri<lge  in  South  Africa  (53)  has  a  central  span  of  250  ft, 
the  pier-legs  being  much  wider  apart  at  their  base  than  at  the  top,  the 
structure  being  built  forward  by  the  aid  of  wire  rope  stays  and  tem- 
porary suspension.  The  Forth  Bridge,  in  Scotland,  built  in  1883-9, 
hns  two  spans  of  1,700  ft.,  and  the  cantilevers  were  built  forward  on 
either  side  of  the  towers  so  as  to  balance  each  other.  In  all  these 
cases  steel  wire  rope  was  extensively  used,  and  it  is  questionable  if 
any  of  the  bridges  above  named  could  have  been  erected  without  its 
aid.  But  while  the  cantilever  has  been  adopted  for  facility  in  erection, 
the  arch  which  can  also  be  built  temporarily  as  a  pair  of  cantilevers 
would  in  many  cases  form  the  best  permanent  structure.  There  are 
various  combinations  which  may  be  adopted  to  meet  particular  cases, 
such  as  the  girder  and  arch  or  the  girder  and  suspension.  Such 
designs  can  seldom  be  repeated,  as  there  are  generally  circum- 
stances which  render  special  treatment  necessary,  and  it  is  only 
for  small  spans  that  the  designs  of  previous  bridges  are  exactly 
applicable. 


Bridges 
objected  to. 

Difficulties  of 
access. 


Before  concluding  this  chapter  on  bridges  by  enumerating  the 
particulars  of  purpose  and  locality  which  must  be  held  in  view  by 
the  engineer  or  contractor  in  preparing  a  design  or  estimate,  the 
alternatives  may  be  considered  which  are  available  when  the  objec- 
tions to  a  bridge  cannot  be  overcome  at  reasonable  cost.  For  there 
may  be  difficulties  of  access  or  of  construction  which  appear  to 
render  a  bridge  impossible,  and  there  are  also  to  be  dealt  with  the 
obstructions  which  an  ordinary  bridge  presents  to  the  navigation  of  a 
river.  Dealing  first  with  the  difficulties  of  access,  where  a  bridge 
replaces  an  older  structure  or  follows  the  line  of  a  ford  or  ferry  the 
existing  approaches  are  generally  available  with  or  without  an  altera- 
tion of  the  levels,  but  where  an  entirely  new  crossing  is  projected 
the  rectification  of  neighbouring  roads  or  streets  may  become  very 
Purchase  of  land,   expensive.     Indeed,  in  a  city  the  purchase  of  land  for  the  approaches, 

or  of  riverside  wharfs,  or  the  compensation  for  rights  invaded,  in 
Right  oi  way.      short  "  the  right  of  way  "  is  sometimes  more  costly  than  the  bridge 


Approaches. 


Part  I.] 


Bridges, 


169 


itself.  In  such  cases  it  is  of  course  desirable  to  utilise  the  right  so 
acquired  to  the  utmost.  One  way  of  effecting  this  is  to  make  the 
approach  and  the  bridge  itself  wide  enough  for  a  railway  as  well  as 
a  road.  But,  generally,  the  levels  of  the  two  do  not  accord,  and  to 
meet  this  the  bridge  may  be  constructed  with  two  decks,  one, 
generally  the  highest,  for  a  railway,  and  the  other  for  a  highway,  as 
at  Newcastle  over  the  Tyne,  at  Cologne  over  the  Rhine,  or  the 
Brooklyn  suspension  bridge,  or  the  arch  bridge  over  the  Mississippi 
at  St.  Louis.  Or  even  where  both  decks  are  not  wanted  at  first  the 
main  parts  of  the  structure  may  be  made  strong  enough  for  receiving 
the  second  deck  afterwards,  as  referred  to  below  in  the  Tower  Bridge. 
On  the  Forth  bridge  again,  it. would  have  added  but  slightly  to  the 
cost  to  have  provided  a  low  level  deck  for  highway  traffic,  which, 
when  it  is  added  hereafter,  may  involve  greater  expense  and  uncouth 
alterations*  or  additions  to  the  structure.  The  local  authorities  may, 
in  the  case  of  railway  bridges  where  no  contiguous  bridge  is  available, 
at  any  rate  demand  with  advantage  the  provision  of  footpaths  fenced 
off  from  the  railway  tracks. 

The  objections  to  a  fixed  bridge  over  a  river  because  of  the 
obstruction  it  presents  to  the  passage  of  masted  vessels  may  some- 
times be  met  by  providing  an  Opening  span  in  the  bridge,  or  by 
having  a  Bridge  of  Boats  or  by  the  construction  of  a  Subaqueous 
Tunnel.     Taking  these  alternatives  in  their  order — 


Two-decked 
bridges. 

Examples. 


Objections  to 
fixed  bridges. 


Opening  bridges  are  often  required  to  allow  the  passage  of  masted  Opening  bridges. 
vessels,  and  sometimes  they  are  provided  to  meet  the  demands  of 
local  authorities  or  river  conservators,  even  where  only  a  remote 
future  necessity  is  the  reason.  The  opening  part  may  revolve 
horizontally,  or  may  lift  vertically  as  a  bascule  bridge.  Opening 
spans  may  be  made  most  easily  in  girder  bridges,  as  when  made  in 
an  arch  bridge,  the  pier  which  is  isolated  from  the  shore  while  the 
bridge  is  open  has  to  be  made  strong  enough  as  an  abutment  to  with- 
stand the  lateral  pressure  of  the  arches.  But  where  it  is  important  to 
avoid  intermediate  piers,  an  opening  can  be  made  in  the  platform 
of  an  arched  bridge  of  one  span,  without  breaking  the  continuity  of 
the  arch.  This  plan  was  proposed  in  1885  by  the  Author  for  a 
bridge  over  the  Thames  at  the  Tower  in  one  span  of  850  ft.,  to 
avoid  the  wide  piers  which  in  the  bridge  as  actually  built  obstruct 
the  waterway.  By  launching  forward  from  each  shore  one  half  of 
the  arch,  such  a  bridge  can  be  built  without  the  obstruction   of 
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temporary  staging.  And  if,  at  a  future  time,  the  opening  in  the 
bridge  be  no  longer  required,  no  piers  are  left  in  the  river.  Further, 
by  making  the  arches  strong  enough  at  the  outset,  an  upper  platform 
may  be  added  in  the  future,  when  the  non-use  of  the  centre  opening 
renders  the  addition  of  a  high-level  railway  bridge  possible  and 
desirable,  and  the  railway  approaches  could  also  then  be  constructed 
over  the  street  approaches  without  the  acquisition  of  a  new  right  of 
way.  In  a  suspension  bridge  an  opening  for  the  passage  of  vessels 
can  be  made  in  the  tower,  but  such  openings  are  expensive,  and  are 
to  be  avoided  when  possible.  When  bridges  have  to  be  opened 
frequently  (as  is  the  case  at  the  entrance  to  a  dock),  the  apparatus 
Hydraulic  opening  must  allow  rapid  movement,  and  the  modern  system  of  hydraulic 
see/a^^.       machinery  is  that  most  usually  adopted  for  the  purpose. 

Floating  bridges.         Floating  bridges  are  often  needed  where  the  water  is  too  deep  for 

bridge  piers,  or  where  the  occasional  opening  of  the  bridge  for  the 
passage  of  vessels  can  be  much  more  cheaply  effected  in  a  bridge  of 
boats  or  pontoons  than  in  an  ordinary  bridge.     The  bridge  of  boats 

Examples  of  boat   at  the  Goldcn  Hom,  Constantinople,  that  across  the  Hooghly  at 

Calcutta,  that  across  the  Danube  at  Vienna,  and  the  bridge  across 
the  Neva  at  St.  Petersburg  are  examples.  In  all  these,  openings  for 
the  passage  of  vessels  have  occasionally  to  be  made,  and  in  the  two 
latter  the  bridge  may  be  entirely  removed  during  seasons  of  ice. 
Flat-bottomed  pontoons  made  of  iron  or  steel  plates  are  generally 
used  for  permanent  floating  bridges. 

The  points  special  to  floating  bridges  as  determining  their  feasi- 
bility, design  and  cost,  are  the  depth  of  water,  the  nature  and 
suitability  of  the  ground  for  anchorage,  the  direction  and  strength  of 
the  current  or  tides,  the  occurrence  of  heavy  winds  or  storms,  and 
the  liability  to  collision  from  vessels,  rafts,  or  floating  ice. 


bridges. 


Pontoons. 


Design  and  cost, 
how  determined. 


Subaqueous 
tunnels. 


Subaqueous  tunnels  may  have  to  be  considered  where  the  con- 
struction of  any  kind  of  bridge  is  hindered  because  of  vested 
interests  in  the  free  passage  of  masted  vessels.  Such  a  difficulty  may 
arise  where  it  is  proposed  to  place  a  bridge  lower  down  stream  than 
any  existing  bridge  which,  from  its  position,  is  generally  the  most 
important  crossing  place.  It  was  this  difficulty  that  so  long  hindered 
the  construction  of  a  bridge  below  London  Bridge  on  the  Thames, 
and  which  later  so  prevented  the  building  of  a  bridge  at  Blackwall  on 
tne  Thames,  where,  therefore,  a  tunnel  has  been  substituted.     Or  the 
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cheaper  cost  of  a  tunnel  may,  in  certain  cases,  be  the  circumstance 
which  makes  it  preferable  to  the  bridge,  as  for  instance  where  deep 
water,  or  water  subject  to  storms,  may  render  the  construction  of 
bridge  piers  difficult. 

Subaqueous  tunnels  have  been  numerous  enough  to  afford  con- 
siderable data  regarding  the  feasibility  and  cost  of  such  undertakings. 
The  Thames  tunnel  by  Sir  M.  I.  Brunei  (1825-43)  is  1200  feet  long, 
affords  two  passage  ways,  each  15  feet  4  inches  high  and  13  feet 
9  inches  wide,  the  excavated  cross-section  enclosing  them  being 
22  feet  6  inches  high  and  38  feet  wide.  To  minimise  the  depth  and 
allow  convenient  access,  the  tunnel  was  made  so  immediately  under 
the  river  bed,  there  composed  of  gravel  and  mud,  that,  notwith- 
standing the  protection  of  a  moving  shield,  there  were  two  irruptions 
of  the  river  during  the  progress  of  the  work  involving  loss  of  life. 
As  the  only  access  was  by  spiral  staircases  in  the  vertical  shafts,  the 
tunnel  was  available  only  for  foot  passengers,  and  altogether  failed  to 
realise  the  anticipations  concerning  it.  But  in  later  years  the  tunnel 
has  been  utilised  for  the  East  London  Railway,  which  approaches 
through  long  cuttings  between  lofty  retaining  walls,  and  by  a  tunnel 
under  the  adjoining  London  Docks,  a  passenger  station  being 
provided  at  each  end  at  the  old  entrance  shafts. 

Below  the  silt  and  gravel  bed  of  the  Thames  is  the  stratum 
known  geologically  as  the  London  clay,  which  affords  great  facilities 
for  subaqueous  tunnelling,  as  was  first  proved  at  the  Tower  Subway 
(1869-70)  for  foot-passengers  about  half  a  mile  from  London 
Bridge,  where  a  bridge  crossing  was  forbidden  as  an  obstruction  to 
passing  vessels.  This  tunnel,  which  was  made  of  cast-iron  segmental 
rings,  is  7  feet  in  diameter  and  1350  feet  long,  and  the  ease  with 
which  it  was  constructed,  without  compressed  air  or  diving  apparatus 
of  any  kind,  led  the  way  to  further  similar  works  in  London. 

The  City  and  South  London  Railway  (1886-90),  almost  all  in 
tunnel  through  the  London  clay,  passes  under  the  Thames  a  few 
yards  above  London  Bridge,  the  line  being  taken  under  the  river 
bed  for  about  1200  feet  in  two  tunnels,  each  11  feet  diameter,  lined 
with  iron.  Following  this,  the  Waterloo  and  City  Tunnel  (1894-6) 
was  constructed  under  the  Thames  through  a  similar  stratum,  and 
with  the  same  facility.  As  in  all  these  cases  passenger  traffic  only 
was  concerned,  access  at  each  end  of  the  tunnel  was  easily  arranged 
by  ordinary  hydraulic  elevators  or  lifts.  The  general  success  of  this 
system  led  the  way  to  the  construction  of  the  Central  London  Railway 
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(1896-8),  which  is,  for  most  of  its  length,  through  the  London 
clay  at  a  depth  of  from  50  to  70  feet  below  the  streets.  In  this 
case  the  object  of  tunnelling  deep  below  the  surface  was  to  excavate 
so  far  below  buildings  and  foundations  as  to  avoid  compensation 
for  property,  unless  actual  damage  was  proved.  As  a  condition 
for  such  immunity  the  tunnel  is  lined  throughout  with  cast-iron. 

But  other  sub-aqueous  tunnels  have  been  made  where  the  strata 
pierced  have  not  been  so  favourable  as  the  London  clay.  The 
tunnel  under  the  Severn  (1882-6)  is  26  feet  wide,  for  a  double  line 
of  railway,  and  7942  yards  long,  half  of  which  distance  is  under  the 
tideway.  The  main  difficulties  arose  from  fresh-water  springs  not 
connected  with  the  Severn  water  above.  The  Mersey  Railway 
Tunnel  (1880-6)  between  Liverpool  and  Birkenhead  is  about  two 
miles  long,  and  passes  through  sandstone  under  the  river,  where  it  is 
1320  yards  wide.  For  about  500  yards  in  the  middle  the  tunnel  is 
nearly  level,  but  the  approach  gradients  vary  from  i  in  27  to  i  in  36. 
The  arched  section  of  the  tunnel  is  26  feet  wide,  and  21  feet  high. 
At  the  stations  adjoining  the  river  access  is  obtained  by  hydraulic 
elevators. 

The  passage-way  under  the  Clyde  at  Glasgow,  completed  in 
1894,  is  composed  of  three  tunnels  17  feet  diameter,  the  centre  one 
for  foot  passengers  with  inclined  approaches,  and  the  outer  ones 
with  hydraulic  lifts  for  vehicles. 

The  tunnel,  1800  feet  long,  under  the  Albert  Dock,  London, 
was  built  (1879-80)  in  open  cutting  (while  the  dock  was  being  con- 
structed) to  carry  the  double  line  of  the  North  Woolwich  Railway, 
which  for  some  years  previously  had  traversed  on  the  surface  level 
the  space  afterwards  excavated  for  the  dock.  The  rail  level  is 
43  feet  below  high  water  level ;  the  roof  of  the  tunnel  is  4  feet 
6  inches  thick  of  brickwork  in  cement  mortar,  and  there  is  a  depth 
of  25  feet  of  water  in  the  dock  above  the  tunnel.  The  line,  as 
relaid  in  the  tunnel,  w^as  connected  to  the  railway  on  the  surface  by 
gradients  of  i  in  50.  After  completion  the  water  was  admitted  to 
the  dock  and  the  tunnel  submerged. 

The  tunnel  under  the  Hudson  River  at  New  York  as  projected, 
was  5400  feet  long  from  shaft  to  shaft,  and  consists  of  two  single  line 
tunnels  each  18  feet  high  and  16  feet  diameter,  lined  with  a  casing  of 
wrought-iron  plates.  To  minimise  the  gradients  of  the  approaches, 
the  river  bed  was  pierced  so  closely  below  the  waterway  through  strata 
of  mud  and  silt,  that  somewhat  the  same  difficulties  were  encountered 


Part  I.]  Subaqueous  Tunnels.  173 

as  at  Bruners  Thames  Tunnel.     By  the  use  of  compressed  air  an     Compressed  air 

ingenious  shield  was  moved  forward  as  the  tunnel  was  excavated,        Seepagtiou 

and  lined  with  iron  segments  as  the  work  proceeded.     More  than 

half  the  length  of  the  tunnel  was  successfully  constructed  before 

1 89 1,  when  it  was  abandoned  for  want  of  funds.     The  feasibility 

of  the  plan  adopted  was,  however,  confirmed  by  its  application,  with 

considerable   improvements,  to   the   tunnel   under   the   Thames  at  BUckwaii  Tunnel. 

Blackwall,  of  which   121 2  feet  is  under  the  river  bed,  constructed 

in   the   years    1892-7,  through   strata   very  similar  to  that  of  the 

Hudson.     Here,  again,  in  order  to  minimise  the  approach  gradients, 

the  tunnel  is  immediately  under  the  river  bed,  and  the  difficulties      Difficulties  of 

...  ,  ,  .  Ill  construction. 

of  keeping  out  the  water  by  air  pressure  were  increased  by  the 
continually  varying  head  of  water,  as  the  tide  rose  and  fell  within 
a  range  of  about  17  feet.  Although  this  tunnel  was  success- 
fully completed  under  special  difficulties,  the  choice  of  a  tunnel  Bridge  and  tunnel 
instead  of  a  bridge  may  be  deemed  a  mistake.  The  approaches  on 
either  shore  are  through  expensive  cuttings,  with  severe  gradients  of 
I  in  34,  limiting  the  load  which  horses  can  draw.  Owing  to  the 
exigencies  of  construction  under  air  pressure,  the  tunnel  has  a  width  of 
only  27  feet,  which  though  wide  for  a  tunnel,  is  narrow  as  a  highway. 
The  tunnel  cost  from  ;^io5  to  ^^126  per  lineal  foot  according  to 
the  lining,  and  the  "  cut  and  cover "  portion  from  ;£^6o  to  ^90  per 
foot.  A  bridge  was  deemed  impracticable  because  of  the  headway  Bridge  deemed 
required  for  masted  vessels,  and  a  bridge  sufficiently  lofty  would 
have  involved  long  and  expensive  approach  viaducts,  with  gradients 
as  steep  as  those  required  for  the  tunnel.  This  difficulty  could  have 
been  met  at  half  the  cost  of  the  tunnel  by  a  single-span  arch  bridge,  High-level  bridge, 
with  a  wide  roadway  and  with  moving  platforms  for  raising  and 
lowering  the  traffic,  thus  affording  the  great  advantages  of  level 
approaches.  The  feasibility  of  such  moving  platforms  has  been  Moving  platform, 
proved  by  many  examples  on  a  small  scale,  and  the  cost  of  working 
them  would  be  less  than  that  of  the  labour  expended  in  hauling 
the  traffic  by  horses  up  the  gradients  from  the  tunnel. 

The  subway  or  conduit  4  miles  long  under  Lake  Michigan  for     Lake  Michigan 

Tunnel. 

the  water   supply   of  Chicago,  is   another  example  of  subaqueous 

tunnelling,  as  also  is  the  tunnel,  6000  feet  long,  under  the  St.  Clair     St.  ciair  River 

River  (1888-90)  for  the  Grand  Trunk  Railway  of  Canada.     This 

tunnel  is  21  feet  diameter,  lined  with  cast  iron,  and  was  the  first 

on  a  large  scale  completed  by  means  of  a  shield  and  compressed  air. 

The  ground  consisted  for  the  most  part  of  soft  clay,  with  occasional 
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pockets  of  gravel  and  sand.  The  heroic  project  of  a  submarine 
tunnel  between  Dover  and  Calais  is  certainly  feasible,  and  is  only 
hindered  by  political  reasons. 


Information 

necessary  to 

design 

a  bridge. 


Plan  of  site. 


Cross-section 
showing  levels. 


See  page  137. 
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To  enable  an  engineer  to  design  a  bridge  which  will  best  fulfil  the 
purpose  in  view — to  satisfy  at  the  same  time  the  varying  exigencies 
of  transport,  site,  and  climate,  and  to  allow  a  contractor  to  estimate 
correctly  the  cost — information  of  the  kind  described  on  the  following 
pages  is  necessary.  It  will  be  seen  that  the  particulars  enumerated 
include  those  for  a  great  variety  of  cases,  and  those  applicable  to  any 
particular  case  must  be  selected  accordingly.  Moreover,  as  many  of 
the  particulars  are  necessary  only  to  the  design,  these  may  be  omitted 
where  it  is  intended  only  to  furnish  a  contractor  with  information 
sufficient  for  estimating  the  cost  of  erecting  in  its  place  a  structure 
which  is  already  designed. 

1.  A  plan  of  the  Site  showing  the  position  of  the  bridge  in  rela- 
tion to  the  river  (or  other  space  to  be  crossed)  and  the  approaches, 
and  whether  the  bridge  is  to  cross  at  a  right  or  a  skew  angle.  J  f  the 
number  and  length  of  spans  have  been  determined,  the  positions 
which  have  been  selected  or  which  appear  most  favourable  for  the 
piers  and  abutments,  should  be  indicated. 

2.  A  cross-section  of  the  site,  showing  the  Level  of  the  roadway 
of  the  proposed  bridge ;  that  of  the  approaches ;  and  also  that  of 
the  river,  road,  ravine,  or  railway,  which  the  bridge  is  to  cross.  If  a 
river,  the  various  levels  of  tide  or  flood  should  be  marked,  so  as  to 
indicate  the  headway  available  at  different  seasons  below  the  bridge. 
These  circumstances  determine  largely  what  system  of  superstructure 
can  be  applied,  and  to  gain  sufficient  headway  it  sometimes  becomes 
expedient  to  raise  the  bridge  to  a  higher  level  than  that  otherwise 
necessary,  and  this  may  involve  steep  gradients  in  the  approaches 
or  long  and  expensive  approaches  to  obtain  easy  gradients.  The 
designer — if  free  scope  be  not  allowed  him  in  these  respects— must 
be  informed  of  the  maximum  gradients  which  will  be  allowed  on  the 
bridge  and  approaches. 

3.  If  Piers  or  abutments  have  to  be  built,  the  nature  of  the  ground 
must  be  stated,  and  this  can  be  conveniently  done  upon  the  cross- 
section  referred  to  above,  which  should  include  also  a  profile  of  the 
river-bed  from  shore  to  shore,  showing  the  slope  of  the  bmks  and 
the  various  strata  down  to  a  firm  foundation.  If  the  strata  are  not 
known  with  sufficient  certainty  from  previous  experience,  or  from  trust- 
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worthy  borings  in  the  neighbourhood,  it  will  be  necessary  to  ascertain 
the  facts  correctly  by  making  trial  borings  in  the  river-bed,  or 
approximately  by  driving  bars  or  piles  into  the  ground  and  noting  the 
number  and  force  of  the  blows  necessary  to  pierce  a  certain  depth. 
The  cost  of  such  investigations  will  be  always  amply  repaid  by  the  help 
they  afford  to  the  designer,  who  can  only,  when  thus  informed,  make 
the  supports  of  the  bridge  of  a  suitable  form  and  strength.  More- 
over, having  thus  entertained  the  kind  and  probable  cost  of  the 
foundations,  he  can  weigh  the  advantages  of  numerous  piers  and 
short  spans  against  the  opposite  advantages  of  few  piers  and  long 
spans.  In  connection  with  the  foregoing  particulars,  the  strength 
and  direction  of  the  water  current  should  be  described,  and,  if  the 
river  be  navigable,  the  nature  of  the  boats  or  vessels,  including  the 
heights  of  their  masts,  which  will  pass  below  the  bridge.  Mention 
should  also  be  made  of  any  floating  trees  or  ice  which  the  piers  and 
abutments  may  have  to  withstand,  and  as  to  how  far,  in  time  of 
flood,  such  obstructions  might  reach  up  to  the  superstructure. 

Too  often  when  the  information  is  furnished  to  the  engineer  from 
a  distance,  the  particulars  supplied  on  these  points  are  so  meagre  that 
he  is  unable  to  make  the  most  appropriate  design,  and  not  daring  to 
run  risks  which  an  assumption  of  unknown  facts  would  involve,  gives 
an  unnecessary  strength  and  margin  of  safety  to  the  supports.  A 
mere  statement  that  the  bed  of  the  river  is  sand,  mud,  or  rock  is 
not  suflicient,  unless  the  firmness  and  depth  of  the  stratum  be  also 
described,  for  these  facts  alone  can  determine  not  only  the  kind  of 
supports  but  the  depth  to  which  they  must  penetrate,  and  the  area 
of  base  necessary.  Sometimes  no  information  whatever  is  furnished 
on  these  points,  but  a  mere  direction  only  is  given  that  the  bridge  is 
to  be  supported  on  cylinders  or  screw-piles,  although  it  should  be 
obvious  that  the  form  of  screw-piles,  or  of  any  other  supports,  and 
their  length  from  the  superstructure  downwards,  will  depend  entirely 
on  such  particulars.  Even  where  one  span  only  is  required,  and 
where  no  piers  or  abutments  have  to  be  built,  information  in  regard 
to  the  suitability  of  tjie  river-bed  for  pile- driving  should  be  stated,  if 
staging  is  to  be  employed  for  the  erection  of  the  superstructure. 

4.  The  Load  which  the  bridge  is  to  sustain,  and  the  margin  of 
safety  required,  should  be  given.  If  a  railway  bridge,  either  a  pre- 
scribed load  per  lineal  foot  should  be  stated,  or  a  description  given 
of  the  heaviest  locomotive  likely  to  run  on  the  line,  including  its 
weight,  extreme  length,  length  of  wheel-base,  and  maximum  weight 
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on  any  one  pair  of  wheels.  If  a  highway  bridge,  the  kind  and 
frequency  of  the  traffic,  and  such  a  description  of  the  heaviest  loads 
that  must  be  provided  for,  that  the  weight  concentrated  on  a  pair  of 
wheels,  or  on  a  wheel-base  of  certain  area,  may  be  calculated.  If 
openings  are  required  in  a  bridge  to  allow  the  passage  of  vessels,  the 
kind  and  maximum  size  of  vessel  should  be  stated,  and  also  whether 
the  vessels  may  be  expected  to  pass  frequently  or  rarely.  By  this 
latter  circumstance  the  kind  of  opening  apparatus  will  be  largely 
determined. 

5.  The  exigencies  of  Transport  which  may  require  the  division  of 
a  bridge  structure  into  pieces  of  a  certain  size  and  weight;  the 
special  circumstance  which  may  render  ecisy  or  difficult  the  erection 
on  the  site ;  the  kind  of  workmen  who  are  obtainable ;  the  building 
materials  available  and  their  prices — must  all  be  sufficiently  described. 
In  regard  to  timber,  its  kind  must  be  described,  so  that  its  suitability 
for  staging  and  decking  may  be  known. 

6.  There  are  other  and  minor  circumstances  which  also  affect  the 
cost  of  a  bridge,  and  concerning  which  sufficient  particulars  must  be 
furnished  to  the  designer.  Such,  for  instance,  are  the  degree  of  orna- 
mentation desired  ;  whether  parapets  or  only  mere  railing  is  required  ; 
whether  lamps  are  necessary;  whether  side-walks  are  wanted,  and 
if  so  their  width;  and  whether  provision  is  to  be  made  for  taking 
water  or  gas  mains  over  the  bridge. 

7.  If  a  bridge  is  to  be  erected  in  virtue  of  a  concession,  the  terms 
and  conditions  must  be  fully  set  forth  and  the  right-of-way  affirmed. 
If  the  Payment  is  to  depend  in  any  way  upon  a  revenue  from  tolls, 
the  calculations  of  expenditure  and  revenue,  and  the  data  upon  which 
they  have  been  based,  must  be  furnished.  If  the  bridge  has  to  satisfy 
some  specification  of  quality,  or  be  officially  inspected,  the  standard 
of  quality  or  the  nature  of  the  tests  should  be  described  ;  and  also 
whether  the  material  is  to  be  subjected  to  trials,  and,  if  so,  their 
nature ;  or  whether  a  certain  kind  or  brand  of  iron  or  steel,  or 
guarantee  of  quality  will  be  sufficient. 


[Sec  also  Landing-Piers  :  Iron  and  Steel  Diving  Apparatus  : 
Portland  Cement.] 


CHAPTER    VIII. 

IRRIGATION.      RECLAMATION    OF    LAND, 

If  public  works   were  classed 

r-    in    order    according    to    their 

^    antiquity,   those   of    Irrigation 

^   would  justly  hold  one  of  the 

t    first  places.     The  systems  of 

irrigation  adopted  in   ancient 

'.  in  a   very  striking  manner  the 

ivilised   or  lialf-civilised   races    in 

.u»^^.£  ...^  ^„nditions  of  soil  and  climate  under 

which  they  lived ;  but  besides  the  interest  naturally  excited  by  such 

ancient  works,  much  valuable  information  is  afforded  by  them  even 

to   the  modem  engineer,  who  may,  for  instance,  investigate  with 

advantage   the  extent  of  surface   irrigated   from  certain  sources  of 

supply ;  the  amount  of  animal  or  other  power  that  must  have  been 

expended    in  raising   water  to  irrigate  a  certain   breadth  of  land, 

and   the  periods   during    which   such  works  have  remained  in  an 

effective  condition.     It  is  also  interesting  to  examine  the  modes  by    ^ 

which  irrigation  works  were  rendered  financially  successful    under 

conditions   apparently  so  insecure   that   at    the  present  time  they 

would   forbid  the  investments  of  labour  and  money ;  and  also  the 

reason  why  such  works  may  have  failed. 

Irrigation  works  comprise  the  collection,  control,  distribution, 
and  application  of  large  quantities  of  water;  the  best  and  most 
economical  methods  having  to  be  determined  under  conditions  that 
vary  in  every  locality.  Local  irrigalion  on  a  small  scale  is  a  matter 
rather  for  the  agriculturist  than  the  engineer,  and  in  all  but  the  most 
uncivilised  countries  advantage  is  taken  of  adjacent  water  supplies 
by  owners  or  occupiers  of  Und.  Even  in  small  works  of  this  sort 
there  are  different  systems,  depending  on  the  nature  of  the  supply, 
the  contour  of  the  ground,  and  the  kind  of  crops.  An  English  water- 
meadow,  a  S^f'iss  valley,  and  an  Indian  rice-field  afford  examples  of 
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local  irrigat'on  still  conducted  according  to  the  traditional  methods 
in  use  centuries  ago.  It  is,  however,  where  large  works  aie  required 
— where  water  his  to  be  brought  from  distances,  pumps  erected, 
rivers  embanked,  canals  or  acqueducts  constructed,  and  water 
stored — that  the  assistance  of  the  engineer  is  called  for.  The 
difficulties  which  have  been  overcome,  and  the  problems  which  have 
been  solved,  in  connection  with  important  irrigation  schemes  of  this 
description,  are  among  the  most  conspicuous  examples  of  successful 
engineering  enterprise. 

The  designing  of  irrigation  works  depends  on  natural  and  local 
circumstances  as  much  as,  if  not  more  than,  any  other  branch  of 
engineering,  and  for  this  reason  personal  inquiry  and  examination  of 
the  fullest  kind  must  be  made  on  the  spot  by  the  engineer.  The 
engineers  who  can  best  carry  out  these  works  should  not  only  have 
personal  experience  of  previous  works,  but  be  acquainted  with  what 
has  been  done  by  others  under  various  conditions.  Experience  of 
hydraulic  works  is  particularly  necessary,  and  a  knowledge  of  other 
sciences — such  as  meteorology,  geology,  agriculture,  and  even 
chemistry — is  also  wanted ;  though  information  on  these  points  from 
those  locally  and  technically  conversant  with  what  is  necessary  to 
produce  certain  results  on  land  and  crops,  may  make  available  the 
engineer's  special  professional  skill. 

The  principal  irrigation  works  of  modern  times  have  been  mostly 
confined  to  warm  climates,  such  as  those  of  Egypt,  India,  China, 
Ceylon,  Jamaica,  California,  Italy,  Spain,  Portugal,  and  the  South  of 
France.  Accounts  of  these  works,  comprising  what  may  be  called 
the  literature  of  irrigation,  are  available  for  reference  but  not  always 
in  a  convenient  form,  being  often  partial  and  incomplete,  and 
contained  in  a  large  number  of  books,  few  of  which  are  written  in 
the  English  language.  Not  the  least  useful  are  the  bare  records  of 
facts,  and  the  statistics  of  particular  works  which  have  been  published 
in  different  countries  under  Government  or  other  official  sanction. 

Irrigation  works  do  not  admit  of  any  rigid  system  of  classification ; 
they  may,  however^  be  broadly  classed  in  several  ways. 

Classification  A,  according  to  whether  they  require  the  aid  of 
mechanical  appliances  on  a  large  scale — for  instance,  where  steam, 
animal,  water,  or  wind  power  are  necessary — as  distinct  from  those 
which  depend  on  gravitation  alone. 

Classification  B,  according  to  whether  they  do  or  do  not  involve 
works  of  storage  to  any  great  degree. 
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Classification  C,  according  to  the  nature  of  the  irrigation  to  be 
effected. 

In  Classification  C.  irrigation  schemes  may  be  said  to  consist  of 
three  kinds,  which,  however,  cannot  be  considered  as  wholly  distinct 
The  first  is  Occasional  irrigation,  having  for  its  object  a  sufficient  simple  irrigation, 
supply  of  moisture  to  the  crop  under  cultivation  and  the  softening  of 
the  surface  of  the  soil  to  facilitate  tillage — a  method  principally 
adopted  in  hot  and  arid  countries,  and  more  temperate  climates  during 
periods  of  summer  heat  and  drought  Thus  in  India  in  many  districts 
the  land  must  be  softened  for  ploughing,  and  as  the  period  for 
this  is  before  the  rainy  season,  irrigation  becomes  necessary;  the 
after  rains  fertilising  the  seed.     The  second  is  Sedimentary  irrigation.       Sedimentary 

•         o  irrigation. 

which  has  for  its  object  the  fertilisation  and  improvement  of  the 
cultivated  soil  by  the  application  to  it,  in  a  stream  more  or  less 
continuous,  of  the  natural  sediment  and  the  dissolved  matters 
contained  in  the  water,  which  itself  may  be  assumed  to  act  as 
little  more  than  a  vehicle  for  carrying  and  depositing  the  sedi- 
ment This  kind  of  irrigation  includes  that  of  rice  fields  in  India 
and  China ;  the  flooding  irrigation  of  Egypt,  in  which  the  Nile 
sediment  acts  so  important  a  part ;  the  marcite  and  prairies  per- 
manentes  irrigation  of  Italy;  and  the  water-meadow  irrigation  of 
England  and  other  cold  and  temperate  climates.  Even  where 
rain  is  plentiful,  the  cultivator  will  often  allow  the  rain-water  to 
run  off,  preferring  the  artificial  supply  for  the  sake  of  its  fertilising 
properties.  The  third  is  Sewage  irrigation,  in  which  the  fertilisation  Sewage  irrigation, 
of  the  soil  is  effected  by  manure,  the  water  both  acting  as  a  vehicle 
and  as  a  diluent ;  the  objects  being  in  most  cases  both  the  riddance 
of  noxious  refuse  from  towns  and  the  securing  an  increased  yield  from  Town  drainage, 
the  soil  thus  improved.  This  mode  of  irrigation  has  been  principally 
confined  to  cold  and  temperate  climates. 

While,  then,  these  three  modes  of  irrigation  are  perfectly  distinct  Different  systems 
in  most  cases — the  choice  being  determined  by  circumstances  that         *^°"* 
may  demand  one  to  the  almost  entire  exclusion  of  the  other  two 
— there   is   no   reason   why   they   should   not  all  be  employed  to 
an   important    extent    in    the    same    scheme.      There    are    many 
schemes  of  a  combined  description  in  which  irrigation  is  only  one       irrigation  by 

nflvicrable  canals. 

of  the  objects,  and  sometimes  a  very  subsidiary  one.  This  may 
be  the  case  when  navigation  either  in  the  canal  of  supply,  or  in  the 
river  constituting  its  source,  is  of  importance ;  but  it  is  a  vexed 
question  how  far  irrigation  and  navigation  by  the  same  canal  can  be 
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ever  rendered  profitable.  There  are  also  cases  where  the  question 
of  protection  from  floods,  general  drainage,  river  improvement,  land 
reclamation,  or  town  water-supply,  complicate  the  conditions  of  the 
design.  When  such  combinations  occur  as  not  only  render  the 
Subsidiary  works,  irrigation    quite    subsidiary,    but    compromise    its    efficiency    and 

regularity  to  any  great  extent,  the  irrigation  profits  become  very 
much  reduced. 

It  is  necessary  in  an  irrigation  scheme  to  provide  not  only  for 
supplying  the  water,  but  for  the  disposal  of  the  surplus  water.  Drain- 
age questions  will  almost  always  arise,  and  should  therefore  form  part 
of  the  project  from  the  first 


Drainage  of 
surplus  water. 


Sources  of  profits. 


Indirect  benefits. 


National 
advantages. 


Trade  and 
revenue  promoted. 


Concessions  and 
guarantees. 


.S"^^  Chapters  II. 
andlll. 


Seepage  34. 


The  two  sources  of  return  from  investments  in  works  of  irrigation 
are,  the  increased  amount  of  produce  and  the  enhanced  value  of  the 
land;  and  it  is  these  that  alone  can  repay  all  concerned  in  the 
undertaking,  from  the  field-labourer  on  the  .spot  to  the  investing 
capitalist  at  a  distance.  There  are,  besides,  considerable  benefits 
not  directly  affecting  either  the  cultivator,  the  landed  proprietor,  or 
the  capitalist,  which  result  from  the  utilisation  in  trade  and  commerce 
of  the  larger  amount  of  money  and  produce  brought  into  public  use. 
The  local,  and  sometimes  even  the  national,  prosperity  due  to  the 
impetus  thus  given  by  extensive  irrigation  works  is  an  important 
advantage,  independent  of  the  direct  return  previously  mentioned. 
The.  newly-developed  trade  supports  and  creates  a  new  population, 
and  taxation  then  yields  an  increased  revenue  to  the  State.  Some 
of  the  irrigation  schemes  promoted  and  guaranteed  by  the  Govern- 
ment of  India  can  only  be  justified  economically  by  the  indirect 
advantages  they  promise,  and  they  have  already  in  many  cases  fully 
answered  expectations.  For  instance,  in  Orissa  (India),  the  develop- 
ment of  the  country,  as  shown  by  the  yield  from  taxation,  has  been 
considerable,  and  the  export  trade  in  rice  and  other  seeds  has  even 
created  a  new  port  It  is  for  these  reasons  that  national  and  local 
governments  are  enabled  to  assist  such  projects  by  suitable  guarantees 
and  concessions ;  but  when  once  the  results  of  such  schemes  have 
been  made  manifest  in  practice,  it  becomes  questionable  whether 
concessions  or  guarantees  are  any  longer  expedient,  and  whether 
the  outlay  for  new  schemes  should  not  be  made  directly  from  public 
revenues,  or  left  entirely  to  private  capitalists  without  guarantee. 

A  well  designed  project  of  irrigation,  carefully  executed,  will,  if 
well  managed  after  it  is  established,  repay  its  cost  by  means  of  its 
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combined  direct  and  indirect  benefits.  Instead  of  mere  patronage 
and  philanthropic  assistance,  schemes  of  irrigation  require  rather  a 
clear-sighted,  thorough  examination  of  all  the  points  affecting  them 
in  the  first  instance,  and  a  persistent  adherence  to  correct  principles 
in  their  execution,  development,  and  management  afterwards.  Hence 
the  necessity  for  able  and  well-qualified  men  both  in  the  engineering 
and  in  the  administrative  superintendence  of  works  of  this  class,  and 
for  enterprising  and  skilful  landowners  and  farmers,  who  will  develop 
to  the  fullest  extent  the  improved  agriculture  rendered  possible  by 
irrigation.  Irrigation  pays  best — other  conditions  being  equal — 
where  there  is  an  agricultural  population  sufficiently  large  to  do  full 
justice  to  the  improved  land,  and  where  also  they  have  or  can  borrow 
capital  for  utilising  the  water.  Thus  the  irrigation  of  rice-fields  in 
some  parts  of  India  has  been  profitable  because  there  is  a  large 
population  devoted  to  agriculture,  and  who  look  to  it  for  their  liveli-    Large  population 

if-i  1  y         r    y  !•  A-vi  ,  advantageous. 

hood  without  any  thought  of  changing  their  position.  On  the  other 
hand,  irrigation  works  executed  in  sparsely-peopled  districts,  in  the 
hope  that  the  advantages  afforded  would  bring  the  surplus  population 
from  less  favoured  districts,  have  failed,  because  of  the  unwillingness 
of  the  people  to  leave  their  accustomed  homes,  or  because  they  have 
not  the  means  to  utilise  the  advantages  offered  to  them.  In  such 
cases  profits  cannot  be  looked  for  in  the  first  years,  and  government  ' 
or  other  guarantees  are  necessary  for  a  limited  period. 

There  is  nothing  which  suffers  so  much  from  neglect  as  irrigation  Neglected  works, 
works,  as  the  ancient  tanks  of  India,  or  the  arid  sides  of  hills  once 
watered  by  channels  now  in  ruins,  so  frequently  testify. 

The  financial  success  of  an  irrigation  scheme  depends,  of  course,  Financial  success, 
upon  the  return  which  can  be  obtained  from  a  certain  outlay.  The 
outlay  consists  mainly  of  the  purchase  of  land,  the  cost  of  works, 
and  sometimes  of  compensation  for  proprietary  rights.  To  this 
outlay  must  be  added  the  engineering  and  legal  expenses,  and  some- 
times also  the  adaptation  of  the  land.  In  most  cases  the  proprietors 
are  willing  to  undertake  this  adaptation  at  their  own  expense,  their 
prospective  share  of  profits  enabling  them  to  incur  the  expense  as  a 
charge  on  their  estates,  and  to  raise  money  privately  for  the  purpose, 
thus  in  effect  reducing  the  first  cost  of  the  project. 

Capital  may  be  provided  in  a  variety  of  ways.  In  some  cases, 
though  rarely,  the  landowners  or  occupiers  subscribe  among  them- 
selves according  to  the  extent  of  their  holdings ;  in  others  the  local 
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or  national  Government  provides  the  money;  and  in  others  it  is 
subscribed  by  outside  capitalists.  In  the  two  latter  cases  the  land- 
owners or  occupiers  who  directly  benefit  by  the  irrigation  can  pay 
rent  for  the  water  in  the  shape  of  a  water-rate,  calculated  according 
to  the  amount  of  water  ihey  receive  or  the  area  irrigated,  or  they 
can  resign  to  the  Government  or  capitalists  a  certain  proportion  of 
their  land. 

A  sound  irrigation  scheme  generally  provides  not  only  for  a 
remunerative  return,  but  for  the  gradual  repayment  of  the  capital 
itself  within  a  stated  term,  thirty  to  forty  years  being  a  usual  time. 
In  order  to  recover  the  whole  of  the  capital  within  this  period,  the 
annual  water-rate  must  be  determined  accortlingly,  and  a  sinking 
fund  provided.  By  estimating  the  average  likely  to  be  irrigated 
annually,  and  the  supply  of  water  likely  to  be  utilised  at  various 
seasons,  an  appropriate  rate  either  per  acre,  or  per  cubic  foot  per 
second  of  supply,  suitable  to  the  various  kinds  of  irrigition  and 
descriptions  of  soil,  can  be  properly  fixed.  It  is,  however,  evident 
that  the  rjte  must  be  not  only  sufficiently  high  to  cover  cost,  main- 
tenance, and  repayment,  but  also  sufficiently  low  to  leave  a  profit  to 
the  landowners  or  occupiers.  To  estimate  this,  the  data  enumerated 
in  clauses  6  to  13,  on  pages  185  and  186,  become  necessary.  If,  for 
example,  the  non-irrigated  land  yields  ;^io  per  acre  clear,  and  the 
irrigated  land  ;^i7,  and  if  the  appropriate  water-rate  determined 
by  the  exigencies  of  the  works  in  the  manner  already  described 
averages  ^^3  per  acre,  the  profit  left  to  the  proprietors  or  occupiers 
of  the  land  would  then  be  ;^4  per  acre.  If  this  proportion  between 
the  water-rate  and  the  profit  prove  sufficient  and  practicable,  such 
a  division  can  be  arranged;  if  not,  it  may  be  often  necessary 
to  adjust  the  proportion  by  arbitration.  Unfortunately,  however, 
in  many  cases  the  orginal  capitalists  do  not  realise  any  profits,  and 
it  is  left  to  later  generations  to  reap  the  advantages. 

Another  source  of  profit  is  that  due  to  the  increased  value  of 
the  irrigated  area  after  the  irrigation  has  been  established,  or,  after 
the  period  of  redemption  of  the  capital  has  expired,  where  some  of  the 
land  originally  worthless  may  have  become  very  valuable  ;  an  incre- 
ment from  three  to  tenfold  being  not  infrequent.  This  prospective 
enhancement  of  value  does  not  admit  of  more  than  an  approximate 
estimate ;  but,  whatever  it  may  amount  to,  it  may  be  divided  or 
adjusted  between  the  capitalists  of  the  undertaking  and  the  land- 
owners, in  the  same  manner  as  the  water-rate  and  the  annual  profit 


Part  I.] 


Irrigation. 


183 


Division  of 
profits. 


referred  to  above.     The  difficulties  which  might  ultimately  attend 

this  division  of  the  prospective  increase  of  value  are  frequently 

settled  at  the  outset  by  the  landowners  giving  a  free  grant,  or  a       Land  grants. 

perpetual  or  long  lease  of  a  certain  portion  of  the  irrigable  area  to 

the  capitalists;  this  plan  not  only  securing  to  the  latter  their  just 

share  of  benefits  effected  by  the  works,  but  giving  to  both  a  common 

interest  in  the  ultimate  success  of  the  scheme ;  while  the  water-rate 

is  allowed  to  cover  the  actual  expenses  of  the  undertaking. 

It  is  not  safe  to  rely  on  the  voluntary  use  of  the  water  supplied  by 
irrigation,  as  impecunious  or  conservative  agriculturists  are  often 
slow  to  adopt  new  methods,  even  when  provided  for  them  at  reason- 
able cost     Whatever  be  the  arrangement  for  the  payments,  the  rate  Watcr-rate  made 
of  contribution  should  be  assessed  beforehand,  and  rendered  obliga- 
tory, either  by  legislative  decrees  or  by  voluntary  legal  engagements. 
In  whatever  way  the  redemption  of  capital  and  division  of  profits 
may  be  arranged  in  actual  practice,  it  will  be  quite  evident  that  no 
enterprise   of  this   description    can    prove   permanently   successful 
unless  every  one  in  connection  with  it  is  allowed  to  obtain  his  due 
share  of  advantage,  and  unless  all  claims  are  protected  by  sufficient 
security.     In  consequence  of  the  great  national  advantages  resulting 
from  successful  works  of  irrigation,  previously  alluded  to  as  indirect 
profits,    it  is  generally  to  the  interest  of  the  Government  of  the 
country,  or  the  province  in  which  the  works  are  undertaken,'  to 
offer  facilities  or  assistance  in  the  form  of  subsidies,  concessions,  or 
guarantees  for  a  limited  number  of  years.      In  some   cases,   they 
defray  a  portion  of  the  expenses  of  construction,  or  give  grants  of 
land ;  in  others,  they  will  guarantee  a  certain  interest  on  the  capital 
expended  for  a  term  of  years  until  the  irrigation  can  be  sufficiently 
developed  to  repay  its  maintenance ;    in  others,  again,  they  cede 
proprietary  or  territorial  rights  and  powers  for  the  recovery  of  claims. 
Under  any  circumstances,  and  more  especially  in  the  case  of  exten- 
sive works,  a  certain  amount  of  Government  sanction  is  requisite. 

In  the  case  of  the  land  being  entirely  in  the  hands  of  private 
proprietors  who  wish  to  make  the  matter  a  local  one,  it  will  be 
necessary  for  them  to  co-operate  either  by  supplying  a  portion  of  the 
capital,  or  by  hypothecating  or  making  over  a  portion  of  their  lands 
on  conditions  that  will  afford  sufficient  security  to  those  furnishing 
it  This  is  the  mode  so  succe§sfully  adopted  in  south-eastern  Spain 
by  the  Moors,  who  were  masters  in  this  appliance.  Many  most 
promising  schemes  of  irrigation  fail  to  attract  outside  capital,  because  insecurity  a  cause 
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they  are  projected  in  countries  where  legal  security  is  doubtful,  and 
as  the  returns  for  irrigation  investments  are  necessarily  spread  over 
a  considerable  period,  such  lack  of  security  is  the  most  fatal  bar  to 
the  obtaining  of  capital. 

The  infomiaiion  that  serves  as  the  basis  of  an  irrigation  project 
is  of  two  kinds,  the  one  comprising  the  local  conditions  from  an 
engineering  and  an  agricultural  point  of  view ;  the  other  being  of 
a  financial  and  economic  nature.  Details  of  the  concessions  or 
privileges  that  will  be  granted,  of  the  sources  from  which  the  works 
will  be  paid  for,  and  other  information  as  to  the  nature  of  the 
engagements  contemplated,  are  indispensable  portions  of  any 
proposal  for  the  construction  of  works  of  irrigation. 

The  following  list  enumerates  those  particulars  to  which — ^some 
or  all  of  them,  according  to  the  nature  of  the  case — an  irrigation- 
engineer  on  the  spot  would  direct  his  attention.  In  countries  where 
there  do  not  happen  to  be  any  competent  resident  engineers,  the  best 
method  is  to  collect  so  much  of  the  information  enumerated  below 
as  is  wfthin  the  means  at  command,  and  to  place  it  before  a 
competent  engineer  in  England,  who  can  advise  on  ih^  prima  facie 
conditions  of  the  case.  Some  of  the  particulars  enumerated  demand 
the  services  of  a  surveyor  or  engineer  accustomed  to  measuring  land 
and  taking  levels;  others  demand  geological  and  meteorological 
kno\vledge ;  while  some  of  the  particulars  are  merely  matters  of  fact 
which  can  be  ascertained  by  any  person  of  intelligence  in  the  locality. 
.  I.  A  Fian  showing  the  area  to  be  operated  on,  with  the  names  of 
the  owners  and  occupiers  marked  upon  it,  and  a  sufficient  number 
of  levels  referring  to  a  datum. 

2.  A  series  of  Sections  on  all.  the  more  important  lines,  such  as 
the  courses  of  streams  of  rivers,  the  water-sheds,  the  approximate 
courses  of  proposed  canal  and  distributaries ;  also  a  series  of  sections 
over  the  sites  for  storage,  if  these  enter  into  the  design. 

3.  General  information  as  to  the  natural  and  Physical  features  of 
the  locality. 

4.  A  full  and  detailed  account  of  any  Existing  irrigation  works  in 
the  neighbourhood,  even  though  they  be  only  on  a  very  small  scale  ; 
with  remarks  on  the  difference  of  conditions  between  them  and  the 
proposed  works ;  and  accounts  of  any  neighbouring  navigable  canals. 

5.  Data  for  calculating  the  amount  of  natural  Water-supply  avail- 
able at  various  points  in  different  seasons ;  if  the  source  of  supply  be 
by  one  or  more  rivers,  then  soundings,  showing  the  water  level  at 
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various  seasons  in  flood  and  in  drought  should  be  given  :  a  demar- 
cation of  the  limits  of  areas  submerged  at  various  times  :  the  points 
at  which  overflows  take  place :  the  periods  and  duration  of  floods 
and  droughts :  the  tendency  of  the  river  to  deposit  silt,  and  the 
quality  and  amount  of  the  latter  under  different  conditions  and 
velocities.  Should  it  be  intended  to  take  the  supply  from  wells,  full 
particulars  of  those  already  existing  should  be  given  as  well  as 
regarding  the  probable  depth  and  copiousness  of  supply  from  the 
proposed  new  wells,  and  the  geological  strata  that  will  most  probably 
be  met  with  in  sinking  them.  Should  the  storage  and  collection  of 
surface  water,  or  the  interception  of  streams  by  dams,  be  depended 
on  as  a  source  of  supply,  full  infonnation  becomes  necessary 
regarding  both  the  geological  and  meteorological  conditions  of 
the  catchment  area ;  this  should  include  all  available  data  of  rain- 
fall, evaporation,  humidity  and  absorption.  The  seasonable  occur- 
rence of  the  rainfall  is  even  more  important  than  a  copious  supply. 
In  the  Orissa  famine  year  (1866)  the  rainfall  was  considerably 
above  the  average,  but  it  was  ill-timed.  A  description  of  the 
superincumbent  geological  strata,  and  an  account  of  the  mode 
in  which  every  part  of  the  area  is  occupied  or  used,  should  be 
furnished. 

6.  Existing  examples  of  the  Quantity  of  Water  required  for  water- 
ing both  in  the  gross  at  various  seasons  over  the  irrigable  area  and 
in  detail  per  acre  on  various  soils  \  and  the  probable  effect  on  the 
crops  of  increasing  the  supply. 

7.  Full  information  about  the  Irrigable  area  itself,  its  various 
soils,  the  crops  that  are  and  may  be  grown  on  it  and  anywhere  near 
it,  their  rotation  and  probable  yield  in  favourable,  average,  and  un- 
favourable seasons,  and  their  market  value :  the  systems  of  tillage 
in  vogue,  and  the  proposed  modifications :  the  trees,  shrubs,  and 
plants  that  are  most  common,  and  those  growing  on  the  banks  of 
the  rivers  and  near  marshes,  and  the  condition  of  such  vegetation, 
whether  thriving  or  otherwise :  the  effect  on  the  soil  of  periodic 
watering,  and  long-stagnant  water :  the  climate  and  meteorological 
conditions  of  the  area  to  be  irrigated. 

8.  The  Soil  in  which  the  proposed  works  will  be  carried  out ;  the 
stone,  lime,  clay,  brick-earth,  and  timber  available,  and  their  cost ; 
the  kind  of  Labour  that  can  be  obtained,  and  the  various  rates  of 
wages  that  prevail. 

9.  The  kind  and  cost  of  Fuel  which  is  obtainable  for  pumping 
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engines ;  the  local  opportunities  or  facilities  for  pumps  to  be  worked 
by  wind  or  water  power. 

10.  A  careful  estimate  of  the  value  of  the  average  Yields  per  acre 
of  non-irrigated  land  in  the  neighbourhood,  and,  secondly,  that  of 
the  average  yield  that  irrigated  land  will  produce  under  the  proposed 
system  of  rotation,  after  making  allowance  for  unfavourable  years 
and  agricultural  contingencies.  The  number  of  the  population, 
their  habits,  and  capabilities  for  utilising  irrigated  land. 

11.  The  Communications — ^roads,  railways,  and  canals — by  which 
the  produce  of  the  land  can  be  transported;  the  proximity  to 
markets,  and  rates  of  freight  by  various  routes. 

12.  If  sewage-irrigation  is  contemplated,  the  kind,  richness,  and 
amount  of  the  Servage^  the  source  of  supply,  and  the  terms  on  which 
it  is  to  be  obtained. 

13.  The  Tenure  on  which  the  land  is  held  ;  the  compensation  to 
be  paid  for  the  extinction  or  lease  of  proprietary  rights ;  the  amount 
of  capital  which  will  be  contributed  by  the  landowners,  tillers,  or 
local  capitalists ;  the  facilities,  assistance,  contributions,  or  guaran- 
tees which  will  be  granted  by  the  Government 
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The  Reclamation  of  Land  from  the  tidal  action  of  the  sea,  or 
its  recovery  from  rivers,  lakes,  or  marshes  in  the  interior  of  the 
country,  is  a  branch  of  engineering  reintroduced  into  England  in 
modern  times  by  the  Dutch,  who,  in  their  turn,  in  still  later  times 
have  been  indebted  to  the  aid  of  English  engineers  and  contractors 
in  carrying  out  such  works  in  their  own  country  on  improved  prin- 
ciples. Under  this  general  title  of  Reclamation  may  be  comprised 
works  on  any  scale,  from  the  filling  or  draining  of  a  small  lake  or 
marsh  on  a  private  estate  to  the  **  warping-up "  (the  raising  of  land 
by  the  deposit  of  sediment  from  flood  or  other  waters)  and  enclosure 
of  large  tracts  of  foreshore  or  estuarial  flats. 

Reclamation  Works  may  be  broadly  divided  into  two  classes ;  the 
ox^^y  Inland  IVbrks,  having  for  their  object  the  reclamation  of  marshes, 
the  shallower  portions  of  lakes,  the  tortuous  courses  of  sluggish 
rivers,  or  of  land  subject  to  flood-overflow ;  the  other.  Tidal  Works, 
comprising  all  reclamations  effected  under  tidal  influence,  whether  in 
estuaries,  deltas,  or  on  the  sea-coast.  In  both  cases  the  return 
offered  to  capitalists  generally  consists  of  all  or  part  of  the  land  to  be 
reclaimed,  and  concessions  are  granted  or  money  borrowed  on  terms 
having  such  arrangement  as  a  basis.     In  works  of  both  descriptions 
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drainage  is  an  important  feature.  While  works  of  this  class  are  Drainage, 
those  that  may  appear  the  most  easy  to  the  uninitiated  on  account 
of  the  simplicity  of  the  means  and  mode  of  construction  usually 
ado[jted,  yet,  in  fact,  they  require  the  exercise  of  considerable 
engineering  skill.  In  those  in  which  the  control  of  river  flood  is 
the  principal  object,  an  examination  of  the  entire  rkgime  of  the  river, 
from  the  upland  districts  down  to  its  debouchement  into  the  sea,  and 
perhaps  even  the  regulation  of  its  whole  course,  may  be  necessary, — a 
matter  which  requires  considerable  hydrological  study.  Even  if  the  River  regulation 
enclosure  of  a  certain  amount  of  land  in  an  estuary  be  the  sole  object, 
the  navigation  of  the  channel  to  which  the  river  will  be  confined, 
as  well  as  the  general  effects  on  the  river  and  on  the  tidal  action, 
become  a  matter  requiring  both  consideration  and  experience ;  for 
any  evils  resulting  from  imprudent  interference  with  the  river's 
course  are  liable  to  perpetuate  themselves  and  multiply  to  a  serious 
extent  In  the  very  simple  case  of  the  shortening  the  course  of  an 
overflowing  river,  with  the  object  of  reclaiming  the  land  on  its  banks 
or  the  area  occupied  by  its  former  winding  channel,  although  no 
special  skill  may  appear  necessary,  yet  such  works  have  often  been 
effected  in  a  manner  involving  damage  to  riparian  interests  lower  down. 
Among  the  tidal  reclamations  effected  in  Great  Britain  those  at 
Romney  Marsh,  Morecambe  Bay,  the  Fens  in  the  Eastern  Counties, 
on  the  rivers  Dee,  Humber,  Forth,  Tees,  and  Tay  may  be  quoted  as 
examples ;  and  among  those  of  the  lake  class,  that  of  Lough  Foyle, 
Lough  Swilly,  and  some  of  the  Swiss  lakes.  The  experience  these 
works  afford  points  to  the  conclusion  that  simple  reclamation  works 
on  a  large  scale  are  seldom  remunerative  to  investors  other  than  those 
locally  interested,  unless  the  land  is  so  situated  as  to  possess  some 
special  secondary  advantages.  Such  advantages  are  those  resulting 
from  a  combination  with  the  reclamation  of  harbour  or  dock  works, 
liver  improvement,  sewage  utilisation  and  irrigation,  or  railway 
communication;  or  from  bringing  into  use  existing  embankments 
or  canals ;  or  from  utilising  refuse  material,  such  as  that  of  quarries 
or  slag  from  blast  furnaces ;  or  from  some  other  circumstances  that 
either  diminish  the  cost  of  the  reclamation  works  or  specially  enhance 
the  value  of  the  land  reclaimed  To  the  value  of  the  land  actually 
reclaimed  must  be  added  in  many  instances  the  increased  value  given 
to  the  adjoining  land  in  consequence. 

The  larger  ihe  works,  the  greater  is  the  time  required  for  the     Large  schemes 
development  of  results ;  hence  gigantic  schemes  of  this  nature  can  ""**  Government 
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only  be  entertained  by  investors  under  specially  favourable  conditions 
that  include  the  aid  of  some  Government  subsidy  or  guarantee ;  such 
aid  being  sometimes  granted  on  sanitary  grounds  for  the  benefit 
of  the  community.  There  are  various  ways  in  which  the  return  to 
capitalists  may  be  offered,  but  generally  a  share  in  the  reclaimed 
land  forms  the  basis  of  the  arrangement  It  is  of  importance  that 
the  promoters  of  such  projects  should  not  only  demonstrate  the 
practicability  of  the  works,  but  should  show  that  they  will  be 
remunerative  within  a  reasonable  time ;  that  is,  either  that  the  land 
to  be  recovered  will  repay  with  considerable  profit  all  the  expenses 
to  be  incurred,  or  that  the  cost  of  the  necessary  works  will  be 
reduced  by  combination  with  other  interests  or  existing  works,  or 
that  some  local  or  special  considerations  will  give  a  higher  value  to 
the  expected  results  than  that  merely  of  the  enhanced  worth  of  the 
land  for  agriculture. 

On  the  other  hand,  when  the  reclamation  works  are  of  more 
moderate  extent,  such  as  will  afford  remunerative  results  within  a 
reasonable  time,  the  smaller  amount  of  risk  which  they  involve 
renders  them  far  more  acceptable  to  the  investing  capitalist,  and,  if 
the  calculations  be  sound,  places  them  in  the  category  of  profitable 
undertakings.  Such  projects  have,  however,  been  frequently  laid 
aside  for  want  of  sufficient  technical  examination.  For  while  many 
reclamation  works  have  failed  because  of  some  rudimentary  flaw, 
others  which  might  have  proved  successful  have  been  rejected  for 
some  invalid  objection.  For  instance,  the  reclamation  of  a  sandy 
foreshore  has  frequently  been  objected  to  by  scientific  persons  on 
the  ground  that  no  crops  whatever  can  be  grown  on  pure  sand. 
Undoubtedly  the  value  of  reclaimed  land  depends  a  good  deal  on 
the  nature  of  the  soil  and  its  fitness  for  vegetation,  and  the  alluvial 
bed  of  a  lake  has  generally  a  higher  value  than  a  sandy  shore ;  but 
on  the  other  hand,  sand,  when  it  is  to  any  extent  calcareous,  forms 
an  excellent  subsoil;  it  is  more  easily  cleansed  from  saline  matter 
than  either  clay  or  sandy  loams,  and  it  is  more  easily  worked  in  the 
operations  of  drainage  and  tillage;  while  if  it  can,  by  warping  or 
the  application  of  sewage  or  useful  sediment,  be  covered  with  even  a 
small  depth  of  alluvial  matter,  it  may  be  easily  transformed  into  useful 
arable  land.  In  this  way  the  sandy  banks  of  many  Indian  rivers 
have  been  reclaimed,  and  by  afrer-irrigation  cultivated  profitably.  If 
non-calcareous,  the  sand  may  be  advantageously  mixed  with  clay,  or 
clay  with  it,  and  the  clay  is  usually  not  far  off. 
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It  is  obviously  impossible  to  establish  general  rules  in  regard  to      General  rules 
these  matters,  and  every  project  must  be  judged  by  the  proportion         "*p°"» 
which  the  trouble,  expenditure,  and  risk  will  bear  to  the  estimated 
results.     In  bringing  forward  projects  of  this  class  for  the  advice  of 
a  qualified   engineer  and   for  the  consideration  of  capitalists,  the 
opinion  of  an  experienced  land  surveyor  and  a  practical  farmer  may 
be  taken  with  advantage.     It  is  always  advisable  to  include  in  the  ^"^'b  "*i*;"J|J*^"*** 
information  furnished  to  them  the  accompanying  objections,  rather      by  promoters, 
than  to  allow  the  objections  to  be  raised  afterwards,  and  perhaps 
magnified  by  persons  not  sufficiently  acquainted  with  such  matters,  • 

or  who  may  be  interested  in  opposing  the  scheme. 


Protective  works  are  frequently  classed  with  those  of  land  Protective  works, 
reclamation.  They  are,  however,  generally  of  much  smaller  scope 
and  extent,  having  for  their  less  pretentious  object  the  prevention  of 
further  aggression  on  the  land  by  the  wasting  action  of  streams  and 
rivers,  or  of  the  damage  caused  by  the  sea ;  though  sometimes  they 
have  the  further  object  of  recovering  land  that  has  very  recently 
suffered  injury  from  such  action.  It  frequently  happens  that  such 
works  form  an  important  part  of  a  general  scheme  of  reclamation ;  in 
which  case  it  is  advisable  that  their  expected  results  be  dealt  with 
separately,  as  far  as  regards  the  economy  of  the  undertaking. 

The  uncertain  and  apparently  capricious  results  which  follow  the  Uncertain  results, 
execution  of  protective  works  have  been  exemplified  in  cases  where 
expensive  dams  having  failed  to  divert  the  course  of  a  river,  a  few 
judiciously-applied  spurs  or  piles  and  loaded  fagots  have  answered  interference  with 
the  purpose ;  or,  on  the  other  hand,  in  cases  where  groynes  have 
been  constructed  with  the  object  of  resisting  the  action  of  sea  waves 
on  a  coast,  it  has  been  found  that  nothing  less  than  continuous 
lines  of  piling  or  connected  embankments  or  sea  walls  could  prove 
successful.  These  questions  depend  mainly  on  the  action  of  currents, 
and  it  must  be  remembered  that  it  is  not  the  usual  or  average  action 
that  has  to  be  dealt  with,  but  exceptional  occurrences  from  storms 
or  floods.  Great  care  is  in  many  cases  necessary  to  avoid  reducing 
the  tidal  capacity  of  navigable  rivers. 

The  maintenance  of  reclamation  or  protective  works  requires  per- 
petual care,  any  neglect  leading  frequently  to  a  heavy  expenditure. 
For  example,  the  aggressive  action  of  water  on  land  recently  reclaimed, 
may  often  at  an  early  stage  be  combated  at  a  few  detached  points 
by  such  simple  means  as  the  throwing  in  of  broken  stone,  by  a  few 
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Stakes,  the  planting  of  saplings,  or  by  turfing  the  banks ;  while  at 
a  later  date  a  continuous  protective  bank  set  back  from  the  water 
might  become  necessary  to  prevent  further  encroachment 

In  order  to  arrive  at  any  trustworthy  or  useful  decision  with 
regard  to  reclamation  projects,  personal  examination  by  an  engineer 
is  absolutely  necessary.  Much  valuable  preliminary  information 
may,  however,  be  collected  and  drawn  up  by  local  promoters  of 
such  undertakings,  which  may  enable  the  engineer  to  judge  of 
their  merits  in  the  first  instance,  and  to  decide  whether  the  case 
is  one  worthy  of  a  complete  investigation.  Such  information  is 
indicated  in  the  following  list,  and  comprises  the  general  and  local 
conditions;  the  more  precise  particulars  which  may  serve  as  the 
basis  for  the  design  and  estimate  of  the  engineering  works;  and, 
finally  those  of  an  economical  nature,  which  may  allow  the  value 
of  the  results,  and  the  time  in  which  they  are  likely  to  be  realised,  to 
be  estimated. 

1.  A  Plan  of  the  area  to  be  reclaimed,  with  a  sufficient  number 
of  levels  and  soundings  taken  over  it,  referring  to  a  given  datum. 
The  names  of  owners  and  occupiers  should  be  marked  on  the 
plan. 

2.  A  Map  of  the  surrounding  district,  including  the  whole  of 
the  catchment  area  of  the  river  or  lake  (if  the  reclamation  is  of 
that  class)  under  consideration,  or,  at  least,  the  portion  under  tidal 
influence. 

3.  Longitudinal  and  cross  Sections  of  the  area  to  be  reclaimed, 
or  a  series  of  soundings  at  various  points,  showing  the  water-level  at 
different  stages  of  flood  or  tide,  the  latter  being  explained  by  tables 
showing  the  periodical  spring  and  neap  tides.  Samples  of  water 
should  also  be  taken  at  different  depths  under  varying  conditions 
of  flood. 

4.  The  Sources  of  supply  of  inland  waters,  if  any ;  their  extent, 
volume,  and  periodicity ;  the  modes  that  can  be  adopted  for  diverting 
them  and  for  utilising  them. 

5.  The  conditions  of  Climate^  rainfall,  and  flood ;  their  duration, 
extent,  and  effects ;  with  any  records  of  past  physical  alterations. 

6.  In  works  in  which  warping  constitutes  an  important  item,  infor- 
mation as  to  the  amount  and  quality  of  the  Alluvial  matter  deposited 
by  the  waters,  and  its  rate  of  deposit  under  varying  conditions  of 
stagnation  and  velocity. 

7.  In  woks  in  which  pumping  operations  are  likely  to  be  con- 
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siderable,  data  of  the  Amount  of  water  to  be  removed,  which  will 
serve  as  a  guide  to  the  kind  and  amount  of  machinery  required. 

8.  The  extent  to  which  Navigation^  or  other  interests,  such  as 
foreshore  rights,  right  of  watering  cattle,  irrigation,  fishing  rights, 
water-mills  or  factories,  may  be  affected  by  the  proposed  scheme. 

9.  Information  concerning  Materials^  transport,  and  labour,  such 
as  has  been  already  described. 

10.  Exceptional  occurrences  or  Freaks  of  nature  to  which  the 
locality  may  be  liable,  such  as  excessively  high  tides  and  floods, 
alterations  in  the  course  of  rivers,  hurricanes,  or  earthquakes. 

11.  The  actual  Constituents  of  the  soil  and  subsoil,  as  ascertained 
by  digging  or  boring,  accompanied  by  samples  and  analyses  of  the 
land  to  be  reclaimed,  and  of  that  in  the  neighbourhood,  in  its  various 
stages  of  fitness  for  pasture,  arable,  or  other  purposes. 

12.  Data  of  the  Expenditure  of  time  and  money  likely  to  be 
incurred  in  operations  succeeding  the  simple  reclamation  and 
permanent  enclosure  of  the  land,  such  as  the  drainage,  fresh-water 
irrigation  in  the  case  of  salt  marshes,  manuring  and  improvement 
of  the  soil,  trenching  or  other  adaptation  of  the  surface,  or  of  any 
other  operations  necessary  before  the  land  becomes  permanently  fit 
for  tillage  or  other  intended  purposes. 

13.  The  proprietary  Rights  in  the  land  to  be  reclaimed,  the 
tenure  under  which  it  will  be  held  by  those  who  are  to  till  it ;  the 
value  of  land  of  various  descriptions  in  the  neighbourhood,  and 
the  selling  price  of  crops;  the  distance  from  the  markets;  the  means 
of  communication  in  the  district,  and  other  data  which  may  form  a 
basis  for  estimating  the  value  of  the  reclaimed  land. 

14.  The  probable  collateral  Profits  thit  m^y  be  obtained,  and  the 
extent  to  which  assistance  is  directly  or  indirectly  afforded  by  existing 
works  or  arrangements  of  any  sort. 

15.  The  mode  in  which  it  is  proposed  to  raise  the  Capital^  and  to 
apply  the  anticipated  profits. 
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CHAPTER    IX. 

WATER-WORKS. 

'^ '""'  The   supply  of   water 

'"■''■■  stands  first  in  order  of 

importance       amongst 
Municipal    Public 
Works.      It  is  impos- 
sible to  lay  down  any 
rule   as  to   the    price 
which  a  town  or  district 
will  pay  for  water,  since 
it  is  by  the  need    that 
exists,  and  by  the  diffi- 
culties of  satisfying  it, 
rather  than  by  any  fixed  standard  of  value,  that  the  prite  is  deter- 
mined.    Where   regular  water-works  are  not  established,  their  con- 
>orka       stniction    will   always  prove  beneficial,  and  will  generally  afford  a 
itivc.       remunerjlive  return  for  the    capital    invested.     Some  or  all  of  the 
following  advantages  are  generally  obtained  : — 
I.  An  increase  in  the  Quantity  of  water. 
z.  An  Improvement  in  the  Quality. 

3.  Greater  Regularity  in  the  Supply. 

4.  Increased  pressure  available  for  Fire  Extinction  and  Power. 
S-  A  Reduction   in  the   Price  of  water,  or  in   the  labour  of 

obtaining  ii. 

It  is  hardly  necessary  to  enumerate  the  other  advantages,  scarcely 
less  important,  which  spring  from  these,  such  as  the  aid  afforded  to 
sanitary  measures  by  the  cleansing  and  watering  of  the  streets,  and 
the  flushing  of  drains  ;  the  erection  of  public  fountains ;  the  watering 
of  gardens;  the  aid  to  manufactures;  and  the  extinction  of  fires. 
Time  and  trouble  are  saved  to  the  inhabitants ;  liouse  property 
acquires  an  increased  value  ;  and  the  district  becomes  generally  a 
more  desirabie  place  of  residence. 
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In  many  British  and  foreign  towns  it  has  been  considered  to  the 
advantage  of  the  inhabitants  that  the  water-works  should  be  con- 
structed by  or  for  the  municipality,  and  not  for  a  private  company,  so 
that  the  entire  control  shall  remain  with  those  who  are  most  interested, 
and  any  profit  which  may  be  gained  shall  be  devoted  to  public  pur- 
poses. Moreover,  a  municipality  has  certain  advantages  in  regard 
to  the  acquisition  of  land,  rights  of  way,  laying  of  pipes  in  the 
streets,  and  enforcing  of  bye-laws,  which  it  is  not  always  expedient 
to  confer  on  a  private  company.  While  in  principle  such  an  arrange- 
ment is  desirable — and  there  are  many  cases  where  water-works  are 
so  conducted  to  the  profit  and  advantage  of  the  inhabitants — a  muni- 
cipality, whose  members  are  not  directly  and  personally  interested  in 
the  pecuniary  results,  is  not  always  so  fitted  for  managing  an  enter- 
prise economically  as  are  private  proprietors  whose  personal  interests 
are  at  stake.  Often  in  municipal  bodies  those  who  have  the  direction 
are  too  numerous,  and  have  been  elected  for  qualities  other  than 
those  which  would  render  them  able  managers.  Changes  in  the 
management  arising  from  party  conflicts,  or  otherwise,  hamper  the 
carrying  out  of  well-arranged  plans ;  and  in  some  cases  even  where 
there  is  no  direct  corruption,  misapplied  patronage  will  put  the  direc- 
tion of  affairs  into  incapable  hands.  But  although  in  the  majority  of 
cases  the  establishment  of  water-works  is  still  left  to  private  enter- 
prise, the  proportion  of  such  undertakings  in  the  hands  of  the 
municipalities  tends  to  increase. 

The  cost  of  establishing  water-works  may  be  borne  in  various 
ways.  Where  the  works  are  undertaken  by  the  municipality,  funds 
can  (in  England)  be  borrowed  on  the  security  of  the  rates  either  from 
private  investors  or  from  the  Public  Works  Loan  Commissioners. 
If  the  works  are  to  be  undertaken  by  or  for  a  private  company,  the 
enterprise  is  one  peculiarly  suited  for  support  by  local  capitalists. 
None  are  so  well  able  to  judge  of  the  need  as  those  who  share  in  it, 
and  the  undertaking  is  one  of  which  the  utility,  even  if  not  the 
means  of  performing  it,  is  apparent.  The  parts  of  the  enterprise 
which  to  local  investors  may  be  uncertain,  i.e.  the  preparation  of 
the  scheme  and  the  construction  of  the  works,  can  be  undertaken 
by  others ;  for,  by  the  employment  of  qualified  engineers,  the  exact 
nature  of  the  works  which  are  necessary  to  produce  certain  desired 
results,  may  be  ascertained ;  and  able  contractors  will  be  found,  to 
whom  payment  need  only  be  made  as  the  work  progresses  to  the 
satisfaction  of  the  engineer. 
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Whoever  may  initiate  the  undertaking,  it  is  necessary,  as  one  of 
the  first  steps,  that  a  feasible  scheme  shall  be  prepared  and  its  cost 
ascertained  ;  and  for  these  purposes  an  engineer  must  be  employed. 
The  water  supply  of  towns  is  a  special  branch  of  practice  amongst 
engineers,  and  by  the  employment  of  r>uch  specialists  the  experience 
gained  in  previous  similar  works  is  rendered  available.  It  may  be 
that  the  source  of  supply  is  so  obvious,  and  the  necessary  works 
are  so  simple,  as  to  require  no  such  special  engineering  skill ;  and  in 
that  case  a  local  engineer,  even  without  peculiar  experience  in  such 
matters,  can  prepare  the  plans  which  will  serve  as  a  basis  for  an 
estimate  of  cost  But  if  the  expense  of  bringing  an  experienced 
engineer  from  a  distance  be  thus  avoided,  it  is  desirable  in  all  but 
the  simplest  cases  that  the  scheme^  be  submitted  to  his  inspection 
afterwards  for  approval  or  amendment.  The  information  shortly  to 
be  described,  or  as  much  of  it  as  applies  to  the  case  in  question, 
should  then  accompany  the  plans,  so  that  the  engineer  who  is  con- 
sulted may  have  the  necessary  material  on  which  to  base  his  opinion. 
This  opinion  having  been  obtained,  those  who  are  interested  can 
judge  for  themselves  whether  to  proceed  further  with  the  enterprise. 

Having  ascertained  that  the  cost  of  the  necessary  works  is  within 
their  means,  the  promoters  may  then  prudently  seek  to  elaborate 
their  scheme.  The  engineer  may  possibly  have  laid  before  them 
alternative  plans,  each  having  certain  advantages  of  economy  or 
fitness,  and  having  reached  this  stage,  the  promoters,  if  they  deter- 
mine to  proceed  further,  will  generally  find  that  the  stronger  position 
they  have  attained,  and  the  means  they  have  acquired  of  discussing 
the  next  step  in  the  affair,  amply  repay  the  preliminary  expenses 
they  have  incurred.  Under  the  guidance  of  the  engineer,  and  on 
the  basis  of  the  plans  and  specifications  he  furnishes,  the  promoters 
may  then  obtain  from  capable  contractors  absolute  tenders  for  the 
construction  of  the  works. 

If  the  capital  is  to  be  provided,  and  the  undertaking  carried 
through,  by  means  of  a  joint  stock  company,  a  prospectus  may  be 
issued,  and  subscriptions  invited  on  the  preliminary  report  of  the 
engineer  before  tenders  are  obtained  ;  or  if  it  be  thought  desirable  to 
inspire  more  confidence  in  the  sufficiency  of  the  proposed  capital 
than  the  report  of  the  engineer  affords,  the  company  can  be  formed 
on  the  basis  of  an  absolute  tender  from  a  competent  contractor. 
This  latter  course  is  often  adopted  where  the  contractor  is  himself 
one  of  the  promoters,  or  is  willing  to  provide  part  of  the  capital, 
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and  it  is  then  made  a  condition  in  the  articles  of  association  that 
the  contract  shall  be  made  with  him. 

The  works  will  probably  not  be  carried  out  so  cheaply  in  this 
way  as  in  cases  where  all  the  capital  is  provided  from  municipal 
funds,  or  by  a  joint-stock  company.  But  often  in  foreign  countries 
the  circumstances  do  not  allow  the  formation  of  a  company  in  the 
ordinary  English  sense ;  the  promoters  may  be  unable  or  unwilling  to 
pay  for  the  works  with  their  own  money,  and  the  municipality  may 
object  to  pay  until  the  efficiency  of  the  works  is  shown  by  their 
completion  and  operation.  Although  contractors  as  a  rule  avoid 
responsibility  for  the  proper  designing  of  works,  and  stipulate  for 
payment  when  they  have  executed  work  as  designed  by  others,  there 
are  capitalists,  who  for  the  puspose  may  be  called  contractors,  who 
will  incur  the  risk  of  such  engagements,  satisfying  themselves,  either 
through  their  own  judgment,  or  by  belief  in  the  ability  or  reputation 
of  the  engineer  who  advises  them,  that  the  works  designed  will 
produce  the  desired  results. 

Reference  has  been  made  in  previous  chapters  to  the  various 
methods  by  which  Governments  or  municipalities  may  promote  or 
encourage  the  carrying  out  of  public  works  by  private  capitalists, 
and  in  many  foreign  countries  the  granting  or  selling  of  a  concession 
is  the  usual  method  for  water  supply.  While,  however,  concessions 
involving  privileges,  or  which  include  guarantees  or  subsidies,  may 
prove  profitable  to  the  promoters,  capitalists,  and  contractors  who 
share  in  them,  it  is  questionable  whether  such  methods  are  the  best 
in  the  interests  of  the  town,  and  whether  the  credit  of  the  muni- 
cipality, which  makes  their  guarantee  valuable,  would  not  be  better 
applied  to  the  direct  borrowing  of  money,  which  could  be  expended 
for  the  works  in  question  without  the  burden  of  intermediate  profits. 
But,  while  in  English  towns  the  borrowing  of  money  for  public 
purposes,  on  the  security  of  the  rates,  is  sanctioned  by  the  law,  and 
— as  affording  perfect  safety  to  the  capitalist — can  be  effected  at  very 
low  rates  of  interest,  such  methods  are  not  so  well  understood  or 
so  safely  carried  out  in  foreign  countries,  where,  therefore,  the  less 
direct  plan  of  granting  concessions  or  guarantees  is  adopted.  It 
frequently  happens  that  water-works  are  wanted  in  towns  where  there 
are  no  local  capitalists  able  or  willing  to  provide  money  or  credit — 
where,  also,  the  municipality  cannot  raise  the  money — and  the  outside 
capitalists  or  contractors  are  asked  to  do  everything.  It  may  be 
assumed  that  the  inhabitants  have  been  awakened  to  the  desirability 
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of  an  improved  water-supply ;  and  the  municipality,  as  representing 
the  inhabitants,  is  willing  to  grant,  to  whoever  will  satisfy  their  wants, 
a  concession  which  leaves  a  pro6t  or  return  to  be  found  in  the  sale  of 
the  water.  The  advantages  which  science  and  engineering  skill  afford 
generally  allow  ample  profit  for. both 'sides;  the  new  water-supply 
proves  in  every  way  better  than  that  afforded  by  previously-existing 
means — and  this  at  a  price  which,  while  cheaper  or  easier  than 
before,  allows  sufficient  margin  of  profit  to  the  concessionnaires. 
Assuming  that  the  municipality  is  in  a  position  to  inspire  trust  in  the 
engagements  it  makes,  it  only  remains  to  arrange  the  terms. 

A  monopoly  should  be  conceded  for  a  specific  district,  within 
which  no  one  else  is  to  be  permitted  to  establish  works  or  sell  water. 
The  length  of  time  for  which  the  monopoly  is  granted  is  an  important 
point  for  consideration.  Water-works  require  some  years  for  their 
development,  and  the  term  is  generally  for  a  period  between  fifty  and 
one  hundred  years.  Fifty  years  is  the  shortest  time  which  will  allow 
the  concessionnaires  to  reap  a  sufficient  return  for  their  outlay,  and 
one  hundred  years  is  generally  the  maximum  time  for  which  a  muni- 
cipality will  bind  themselves  and  their  successors,  although  conces- 
sions in  perpetuity  are  not  unknown.  It  is  sometimes  arranged  that 
at  the  end  of  the  term  the  water-works  shall  become  the  property  of 
the  town,  either  without  payment  or  at  an  agreed  price.  Which  of 
these  conditions  is  equitable,  and  the  length  of  time  granted,  depends 
upon  the  other  conditions  and  on  the  amount  of  profit  which  is 
expected  annually  during  the  term.  Of  course,  if  the  works  are  to 
be  given  up  without  payment,  a  sinking-fund  must  be  provided  out 
of  the  revenue  to  repay  the  capital.  A  concession,  in  granting 
privileges,  imposes  certain  obligations  in  return,  such  as  the  con- 
struction of  substantial  works ;  the  maintenance  of  a  sufficient  supply 
at  a  specified  pressure ;  standards  of  purity ;  proper  systems  of  dis- 
tribution j  and  the  supply  of  water  at  reduced  rates  for  municipal 
purposes.  Water  should  never  be  supplied  gratis  for  public  purposes ; 
and  if  reduced  rates  are  agreed  to,  the  uses  to  which  the  water  is  to 
be  applied  should  be  exactly  defined,  for  sometimes  where  the  con- 
ditions are  not  clear,  water  nominally  supplied  for  "municipal 
purposes "  has  been  distributed  to  hospitals,  schools,  fountains,  and 
other  uses,  to  the  loss  of  the  concessionnaires. 

The  sale  of  water  may  be  effected  in  various  ways.  Where  there 
are  private  wells,  or  other  existing  means  of  supply,  the  purchase  of 
the  water  may  be  optional  with  the  inhabitants,  and  in  such  a  case 
the  income  to  be  derived  from  the  new  works  is  somewhat  speculative. 
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This  uncertainty  may  be  met  to  some  extent  by  the  municipality, 
and  perhaps  also  private  persons,  agreeing  in  advance  to  take  a 
certain  quantity  of  water  annually,  at  a  fixed  price ;  a  small  income 
may  be  thus  secured,  sufficient  to  induce  the  concessionnaires  to  risk 
the  rest.  The  price  at  which  the  water  is  sold  may  be  arranged  in 
several  ways.  When  large  quantities  are  wanted  for  public  or 
manufacturing  purposes,  the  water  may  be  measured  by  meter,  and 
a  price  per  1000  gallons,  per  cubic  mbtre,  or  other  unit  agreed  upon ; 
but  for  ordinary  domestic  consumption  there  is  the  alternative  plan  of 
supplying  the  water  for  a  fixed  annual  charge.  Although  the  con- 
sumption does  not  exactly  depend  on  the  size  of  the  house,  the 
rental  is  a  convenient  basis  for  the  calculation  of  price ;  and  as, 
moreover,  the  rental  is  usually  adopted  as  a  basis  for  the  assessment 
of  taxes,  the  official  valuations  already  existing  for  this  purpose  are 
available  for  reference,  although  they  are  not,  without  alteration, 
always  suited  for  adoption.  A  rental  rate  is  almost  universally 
adopted  in  Great  Britain  where  the  collection  of  rates  is  simple  and 
well  understood,  but  in  many  foreign  countries  it  is  not  so  easy,  and 
payment  by  measure  is  preferred.  But  a  minimum  charge  should 
always  be  agreed  upon,  and  a  rate  by  meter  beyond.  Against  this  it 
is  sometimes  urged  that  the  quantity  consumed  and  paid  for  will  be 
smaller  unless  a  high  unit  of  price  is  fixed.  But  although  a  less 
quantity  may  enter  the  consumer's  house  than  under  the  rental-rate 
system,  yet,  owing  generally  to  less  waste,  the  quantity  actually 
available  for  use  is  as  great,  and  a  payment  of  a  sum  equivalent  to 
the  rental  rate  is  not  objected  to.  The  transaction  is  then  as  one  for 
"goods  sold  and  delivered"  and  the  interference  of  any  municipal 
authority  or  tax  collector  avoided.  But  much  depends  on  the  kind 
of  meter  employed.  A  "  positive  "  meter  such  as  is  generally  used 
in  France  is  better  than  a  merely  inferential  meter.  The  worst  kind 
is  where  the  quantity  charged  for  is  determined  by  the  diameter  of 
the  orifice,  for  the  consumer  then  has  little  inducement  to  avoid 
waste.  This  latter  plan  is  only  justifiable  where  the  town  is  favoured 
with  an  almost  unlimited  supply. 

Where  the  use  of  the  water  is  obligatory  on  all  houses — or  pmc- 
tically  so,  by  the  absence  of  other  good  means  of  supply — the 
concession,  if  properly  arranged,  is  of  a  character  to  induce  the 
investment  of  capital.  Besides  the  supplies  for  municipal  and 
domestic  purposes,  there  are  generally  other  sources  of  revenue. 
Tariffs  of  prices  may  be  arranged  for  extra  private  supplies :  manu- 
factories, baths,  gardens,  and  fountains  require  water ;  if  at  a  port. 
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the  shipping  also;  and  these  afford  sometimes  considerable  profit. 
A  portion  of  the  supply  may  be  used  as  power  for  raising  water  to 
the  higher  levels  of  a  town ;  the  water  thus  utilised  forming  after- 
wards, if  need  be,  the  supply  for  the  low  levels.  If  the  pressure  in 
the  mains  can  be  always  maintained  at  or  above  40  lbs.  per  inch, 
the  water  is  available  as  power  for  driving  engines,  cranes,  and 
machinery,  in  factories,  warehouses,  and  workshops ;  and,  while  thus 
affording  a  great  convenience  to  the  inhabitants — especially  for 
industrial  communities — the  company  opens  out  a  valuable  source 
ot  revenue.  The  transmission  of  power  by  water  has  in  London, 
Birmingham,  Liverpool,  Hull,  and  other  towns  been  carried  to  great 
perfection  by  "Hydraulic  Power"  Companies  with  mains  charged 
with  water  at  a  pressure  of  700  lbs.  But  though  it  is  necessary, 
where  such  a  high  pressure  is  desired,  to  have  separate  mains  for 
this  purpose,  the  system  may  be  applied  at  moderate  though  effective 
pressure  in  connection  with  the  ordinary  municipal  supply.  The 
concession  may  be  made  also  to  include  a  monoix)ly  of  all  wo^ks  in 
connection  with  the  water-supply,  such  as  the  laying  of  new  pipes, 
the  connections  and  fittings  in  houses  or  wherever  a  connection  or 
alteration  has  to  be  made  in  the  pipes.  A  concession  with  such  a 
monopoly,  if  a  proper  scale  of  prices  be  agreed  upon,  may  be  alike 
advantageous  to  the  town  and  profitable  to  the  concessionnaire. 

In  arranging  the  terms  of  a  concession,  it  is  important  to  stipulate 
for  cenam  secondary  but  necessary  privileges,  such  as  the  right  of 
way  through  the  streets  for  extensions ;  free  access,  at  all  times,  to 
the  mains  in  the  streets ;  the  right  of  entry  into  houses,  to  inspect  or 
alter  pipes  and  fittings,  for  the  prevention  of  waste  or  theft  of  water; 
and  the  right  to  erect  new  works.  The  conditions  of  this  sort  which 
may  be  necessary  depend  upon  the  special  circumstances  of  each  case, 
and  must  be  arranged  acfcordingly.  Bye-laws  are  also  necessary  fur 
protecting  the  property  of  a  Water  Company,  and  in  Great  Britain 
the  Acts  of  Parliament  authorising  water- works  undertakings  so  invari- 
ably allow  such  bye-laws,  and  provide  penalties  for  their  infringement, 
as  to  accustom  the  public  to  them  as  pait  of  the  ordinary  law  of  the 
land.  In  countries  where  the  British  usage  in  such  matters  is  not 
established,  it  is  very  important  that  the  necessary  stipulations  be 
included  in  the  terms  of  the  concession,  as  it  may  not  be  ea.-y  after- 
wards to  obtain  them.  Such  bye-laws  protect  a  Water  Company 
against  the  theft,  waste,  fouling,  or  misuse  of  the  water;  give  power 
to  recover  rates  in  arrear,  and  the  right  of  cutting  off  the  supply 
in  case  of  non-piyment.      Although   this  last  condition  is  almost 
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invariably  included  in  a  concession,  it  is  not  always  sufficiently  defined 
in  accordance  with  the  law  of  the  land  to  allow  of  enforcement ;  and 
generally  to  afford  that  legal  protection  which  is  equitable  in  return 
for  the  obligations  undertaken  by  the  concessionnaires. 

Although  a  municipality  may  leave  the  concessionnaires  to  make 
their  profit  from  the  sale  of  the  water,  as  just  described,  and  may 
decline  to  guarantee  permanently  either  a  minimum  revenue  or 
interest  on  capital,  an  exception  may  be  made  for  the  first  few 
years.  The  expenses  of  the  first  two  or  three  years  are  not  unfre- 
quenlly  large,  and  the  anticipated  incomings  may  be  at  the  beginning 
so  small  as  to  forbid  the  hope  of  a  nett  revenue.  The  risk  of  this  may 
be  sufficient  to  deter  capitaHsts  from  embarking  in  a  scheme  which 
they  believe  would  in  a  few  years'  time  be  sufficiently  profitable ;  and 
a  municipality  may  find  it  to  their  advantage  to  encourage  capitalists 
to  construct  their  water- works  by  guaranteeing,  for  three  years,  or 
during  the  execution  of  the  works,  interest  on  the  money  invested. 
Where  the  capital  is  to  be  raised  by  means  of  a  joint-stock  company, 
such  a  limited  guarantee  is  of  vory  great  assistance  in  inducing 
contributions. 

Another  shape  in  which  assistance  may  be  rendered  in  cases  where 
the  prospects  of  profit  prove  insufficient  to  attract  capitalists  or 
contractors,  is  by  the  municipality  offering  a  subsidy  in  money  to 
whoever  will  bring  water  to  the  town.  In  many  cases  such  a  subsidy 
is  in  the  shape  of  a  bonus  or  free  gift,  and  the  capitalists  are  still  left 
at  liberty  to  retain  all  the  profit  they  can  make  from  the  works.  But 
very  often  in  return  for  the  subsidy,  the  obligations  of  the  conces- 
sion naire  are  made  more  onerous ;  and  both  subsidies  and  guarantees 
have  frequently  the  inconvenience  of  allowing  too  much  official 
interference  and  control. 
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The  5vJ///wj  of  water-supply  are  broadly  classed  as  Gravitation 
and  Pumping  systems,  and  the  cost  of  the  works  is  of  course 
primarily  determined  by  the  circumstances  of  each  case,  which 
render  one  or  other  system  necessary,  and  by  the  extent  and  solidity 
of  the  works.  A  lake  or  source  of  supply  situated  on  an  elevation 
near  a  town,  and  affording  always  a  constant  supply  of  pure  water,  is 
a  favourable  instance  of  a  gravitation  scheme,  and  such  a  project  is 
obviously  much  cheaper  than  one  where  the  water  has  to  be  pumped 
and  stored  and  filtered.  It  is,  however,  a  mistake  to  suppjse  that 
gravitation  schemes  are  necessarily  the  cheaper,  and  if  an  average 
could   be   arrived   at,   it   is  even  probable  that  the  cost,  whether 


Systems  of 
water-supply. 


Gravitation 

versus 

pumping. 


200 


Mathesoris  Aid  Book. 


[Chap.  IX. 


Expenditure 
compared. 


High-level 
reservoirs. 


High -pressure 

water  for 
fire  extinction. 


See  Fire-Enginks, 


Zones  of 
different  altitude. 


compared  according  to  the  quantity  of  water  supplied,  or  per  head 
of  population,  would  be  found  to  be  greater  than  for  pumping.  In 
gravitation  schemes  the  expenditure  incurred  for  impounding-reser- 
voirs  for  storing  against  dry  seasons,  and  for  the  bringing  of  water 
long  distances,  is  often  so  great  as  to  exceed  not  only  the  cost  of 
machinery  necessary  in  pumping  schemes,  but  even  that  of  the 
annual  expenditure  for  pumping,  if  the  latter  be  capitalised  so  as  to 
afford  a  fair  comparison  with  the  capital  expenditure  in  a  gravitation 
scheme  where  no  pumping  may  be  required. 

Whatever  be  the  original  level  of  the  source,  it  is  in  almost  all 
cases  considered  best  to  bring  the  water  into  high-level  reservoirs, 
from  which  it  may  flow  downwards  in  its  course  to  and  through  the 
town.  The  height  of  the  reservoir  determines  several  other  points 
of  importance.  As  water  flows  to  its  own  level  (subject  to  a  slight 
loss  by  friction  in  the  pipes  and  by  leakage),  a  high  reservoir  will 
afford  pressure  sufficient  to  force  the  water  wherever  pipes  are  laid 
to  an  almost  corresponding  height  in  the  town.  Not  only  is  this  a 
convenience  to  the  inhabitants,  but  it  is  of  very  great  value  in  t'  e 
case  of  fire,  as  the  high  pressure  in  the  mains  in  the  streets  affords 
a  supply,  which  (subject  to  certain  qualifications)  can  be  discharged  at 
any  point  through  a  hose-pipe  without  the  necessity  for  fire-engines. 
Where  the  supply  of  water  is  abundant  it  may,  as  already  stated,  even 
be  used  as  a  motive  power  for  diiving  machinery.  A  pressure  of 
more  than  200  feet  is  inconvenient  for  domestic  supply  unless  special 
fittings  are  used ;  but  where  this  condition  is  attended  to  pressures 
even  up  to  400  feet  may  be  used  with  advantage.  Such  a  pressure 
discourages  waste,  because  the  slightest  leakage  is  at  once  detected 
and  demands  attention  and  remedy ;  while  with  low  pressure,  leakage 
is  sometimes  allowed  to  continue  for  years.  Smaller  street  mains 
and  service  pipes  are  also  available.  The  cost  of  laying  on  water  to 
a  house  is  much  reduced  when  a  very  small  pipe  will  suffice,  and  an 
increased  number  of  consumers  is  obtained — a  point  of  importance 
where  the  use  of  the  water  is  optional.  (Service  pipes  even  as  small 
as  ^-inch  internal  diameter  have  in  this  way  been  occasionally  used 
with  advantage.)  Where,  however,  the  supply  is  at  a  greater  eleva- 
tion, the  service  reservoir  is  placed  at  a  lower  level ;  and  if  the  town 
be  situated  on  the  slope,  it  may  be  divided  into  zones  of  different 
altitude,  each  zone  having  its  own  service  reservoir. 

Where  the  source  of  supply  is  not  at  a  high  level,  or  where  there 
are  no  elevated   positions  available   for  reservoirs,  tanks   elevated 
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(supported  on  iron  columns  and  girders)  at  Buenos  Aires,  capable        ''^^^^    > 

of  holding  60,000  tons  of  water,  aflford  one  of  the  largest  examples. 

But  where  the  cost  of  such  elevated  reservoirs  or  tanks  is  greater 

than  can  be  afforded  it  may  be  sufficient  to  bring  the  water  into  the 

town  at  a  very  low  pressure.     In  some  cases  pipes  are  not  taken 

along  all  the  streets,  or  into  the  houses,  but  merely  conduct  the  water 

to  local  reservoirs,  tanks,  or  fountains,  from  which  the  inhabitants 

can  fetch  their  own  supplies.     This  system,  though  seldom  adopted    Supply  confined 

in  English  towns,  and  though  obviously  incomplete,  may  be  adopted     or  founuins. 

where  a  cheap  first  cost  is  important,  or  where  it  accords  with  the 

habits  of  the  people,  leaving  for  future  consideration  or  for  after 

enterprise  the  greater  conveniences  of  water  inside  the  houses. 


The  Quantity  of  water  required  for  a  certain  population  depends 
on  climate,  on  the  habits  and  occupations  of  the  people,  on  the  mode 
of  distribution,  and  on  the  waste.  In  England  the  actual  quantity 
required  for  domestic  purposes  varies  from  ten  gallons  per  head  per 
day  in  small  houses,  to  twenty  gallons  in  large  houses,  and  an  average 
of  fifteen  gallons  may  be  reckoned  on  as  sufficient.  But  these 
quantities,  while  adequate  even  for  towns  where  there  is  a  constant 
service — that  is  to  say,  a  supply  always  available  in  every  house, 
by  simply  opening  a  tap  placed  in  direct  communication  with  the 
water-main,  and  not,  as  in  many  parts  of  London,  a  certain  quantity 
discharged  into  a  cistern  once  a  day — do  not  include  any  but  a 
moderate  allowance  for  waste,  and  it  is  obvious  that  tl«ere  is  no  limit 
to  the  latter  under  careless  or  incompetent  management  For  muni- 
cipal and  trade  purposes,  from  seven  to  ten  gallons  per  head  per  day 
is  generally  found  sufficient,  although  this  amount  may  be  exceeded 
where  there  is  a  large  demand  for  particular  trades,  for  fountains,  or 
other  public  uses.  In  those  English  towns  where  proper  rules  and 
regulations  in  regard  to  pipes  and  fittings  for  the  prevention  of  waste 
are  enforced,  the  total  quantity  consumed  for  all  purposes  is  from 
fifteen  to  thirty  gallons  per  head  of  population  per  day,  while  in 
others,  where  a  wrong  system  or  inefficient  management  prevails,  the 
quantity  ranges  from  thirty  to  sixty  gallons.  Efficient  supervision  to 
prevent  waste  costs  less  than  additional  interest  on  the  increased 
capital  expenditure  which  a  large  supply  to  cover  waste  will  require ; 
and  if  the  latter  system  be  adopted,  a  remunerative  return  to  the 
investors  can  only  be  obtained  by  the  imposition  of  high  and  burden- 
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some  water-rates.     Where  it  is  difficult  or  expensive  to  obtain  pure 

water  in  sufficient  quantity  for  the  total  consumption,  two  distinct 

Separate  service  ssivices  may  be  provided  :  one  line  of  main  pipes  being  charged  at 

high  pressure  (from  loo  to  200  lbs.,  according  to  the  height  of  the 
houses)  with  puie  water  for  potable  and  culinary  puq)oses,  and  for 
fire  extinction;  and  a  separate  service  of  unaltered  water  for  less 
important  domestic  use,  for  street  watering,  and  other  secondary 
purposes.  If  the  latter  service  is  also  maintained  at  high  pressure, 
it  may  be  used  for  fire  extinction,  to  the  saving  of  the  potable  water. 
In  view  of  the  growing  scarcity  of  pure  water  in  the  vicinity  of  large 
towns,  it  is  probable  that  some  such  system  of  dividing  the  supply  as 
is  indicated  above  will  have  to  be  frequently  adopted  in  the  future. 
Growth  of  In  deciding  upon  the  quantity  of  water  to  be  supplied  as  the 

provided  for.     preliminary  step  for  determining  the  kind  and  magnitude  of  the 
works,  it  is  expedient  to  provide  for  a  growth  of  population  and  an 
increased  demand.     In  England,  an  allowance  of  from  twenty-five  to 
fifty  per  cent,  beyond  immediate  wants  is  generally  considered  a 
prudent  margin  ;  but  of  course  this  question  must  in  each  particular 
case  be  largely  decided  by  the  probabilities  of  an  increased  popula- 
tion, on  the  extra  cost  involved  in  providing  for  it,  and  on  the  funds 
Future  expenses  available.    Moreover,  in  considering  the  question  of  cost,  the  trouble 
compared*with   ^nd  expense  which  would  be  incurred  in  the  future  if  works  only  for 
ay.      ^j^^  present  demand  were  constructed,  must  be  compared  with  the 
cost  of  doing  all  at  the  beginning.      Such  a  comparison  will  vary 
according  to  the  nature  of  the  works.    Thus  in  a  gravitation  scheme, 
with  impounding  or  storage  reservoirs,  and  long  lines  of  aqueduct, 
it  will  almost  always  prove  more  expensive  to  enlarge  or  duplicate 
such  works  in  the  future  than  to  make  them  in  the  first  instance 
sufficient  for  a  growing  population ;  while  if  the  water  be  obtained 
by  pumping,  additional  engines  and  even  service  reservoirs  may  be 
added  in  the  future  almost  as  cheaply  as  in  the  first  instance,  if  land 
(and  for  engines,  buildings  also)  be  kept  in  reserve  from  the  first. 
The  margin  of  supply-power  need  not  therefore  in  the  latter  case  be 
as  great  as  in  the  former.     As,  however,  a  stoppage  in  the  supply  of 
water  to  a  town  would  be  disastrous,  apparatus — such  as  engines, 
boilers,  and  pumps — subject  to  accidents  in  working,  or  needing 
Duplicate        periodical  repairs,  should  always  be  provided  in  duplicate  from  the 
apparatus.       ^^^^^  ihough  not  ncccssaiily  in  complete  duplicate. 

Cost  of  The    Cost  of  water  supply   must  obviously  vary  considerably 

%vater-works. 
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according  to  the  nature  of  the  works,  and  in  Great  Britain  the  ten- 
dency has  been  towards  an  increase  in  cost,  caused  partly  by  the 
difhculty  of  obtaining  new  or  additional  sources  of  watet  in  the 
vicinity  of  towns,  and  partly  by  the  rise  in  the  prices  of  labour 
and  materials.  Where  the  works  have  been  well  designed,  and  the 
consumption  kept  by  efficient  management  down  to  twenty-five 
gallons  per  head  per  day,  it  will  be  found  that  the  capital  expendi- 
ture varies  in  all  but  exceptional  cases  from  ;£i  to  jQz  per  head  of 
population.    A  larger  cost  can  be  afforded  for  the  gravitation  than  for       Outlay  in 

i     r  o  ^  ^  proportion  to 

the  pumping  schemes,  as  the  annual  expenditure  for  pumping  must       population. 

be  set  against  the  interest  on  the  excess  of  capital  on  the  former. 

But  in  many  towns  the  systems  of  water-supply  have  either  been 

ill-considered  from  the  first,  or  have  been  enlarged,  supplemented,  or 

altered  without  a  fixed  plan ;  or  though  well  designed  have  had  to 

overcome  exceptional  difficulties,  and  in  such  cases  the  expenditure  Causes  of  heavy 

reaches  even  JQ^  per  head.     In  London  and  Liverpool  the  capital 

invested  in  the  different  water-works  is  about  jQ^  per  head  of  the 

population  supplied.     Where,  as  is  often  the  case,  the  high  cost  has 

to  be  borne  by  the  municipality,  the  inhabitants  suffer  by  having  to 

pay  heavy  rates,  the  investing  capitalist  having  a  fixed  interest  secured  High  water-rates. 

to  him.      But  where   private   concessionnaires  or  water-companies 

obtain  powers  to  supply  a  town  with  water,  and  agree  beforehand  to 

certain  rates  or  tariffs  of  payment,  they  and  not  the  inhabitants  have 

to  bear  the  loss  if  the  expenditure  prove  more  than  was  anticipated. 

There  are,  on   the  other  hand,  exceptional   cases  where  a  heavy 

expenditure  at  the  first  is  a  wise  policy.     For  instance,  in  a  large     Heavy  outlay 

^  ^  .  .  .  sometimes 

colonial  city  with  a  rapidly  growing  population,  the  most  convenient        justified, 
source  of  supply,  though  far  in  excess  of  immediate  wants,  mny 
require,  to  render  it  available  or  secure,  an  expenditure  proportioned 
to  the  potential  rather  than  the  immediate  benefits  it  affords. 

The  expense  of  Procuring  and  Distributing  water  will  be  found         Working 

-  ,  -  expenses, 

generally  to  range  from  4//.  to  9//.  per   1000  gallons,  these  rates 

including  interest  on  capital  and  current  expenditure.    Tne  cost  fallg 

below  6d,  only  when  an  ample  flow  from  unsullied  rivers  or  artesian 

wells  is  obtainable.     The  rental  rate  for  water  charged  in  English      Rental  rate, 

towns  ranges  from  6//.  to  i8^/.  in  the  jQ  (in  London  it  averages  i2d.) ;    Average  rate  in 

but  as  the  value  of  houses  depends  on  many  varying  conditions  which 

have  no  relation  to  the  cost  of  water,  these  rates  do  not  afford  a  fair  saie  of  water  by 

comparison.     A  careful  analysis  in  1884  showed  that  the  average 

charge  for  water  in  the  undermentioned  towns  bore  a  proportion  to 
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the  rateable  or  net  annual  vjilue  of  the  houses  as  follows :  London, 
4*79  per  cent;  Liverpool,  6*74;  Manchester.  7*73;  Birmingham, 
7*71;  Wolverhampton,  8  •  5.  Where  water  is  sold  by  meter  a  price 
as  low  as  4^.  per  1000  gallons  is  sometimes  charged,  and  in  some 
cases  as  high  as  2J.,  but  in  almost  all  cases  large  consumers — 
railway  companies,  manufacturers,  and  others — are  charged  at  a 
Tariff  of  prices.   sHding-scale  price,  the  rate  being  in  inverse  ratio  to  the  quantity 

consumed.  The  cost  and  value  of  the  water  depend  upon  whether 
it  has  been  purified  for  drinking,  or  is  only  fit  for  inferior  purposes ; 
upon  the  degrees  of  hardness,  by  which  its  fitness  for  washing  and 
various  manufacturing  purposes  is  determined ;  and  on  the  pressure, 
which  may  or  may  not  take  it  to  the  top  of  a  building  or  render  it 
serviceable  for  driving  machinery. 

In  Great  Britain,  the  average  dividend  paid  by  water  companies 
to  their  shareholders  is  about  7  per  cent ;  but  it  is  to  the  monopoly 
they  enjoy,  rather  than  to  any  peculiar  skill  in  administratration, 
that  their  prosperity  is  due. 

In  calculating  the  cost  of  water-works  in  countries  where  sources 
of  water  may  be  more  easily  accessible  than  in  England,  land  more 
plentiful,  and  rights  of  way  more  easily  obtained,  there'  are  fre- 
quently, on  the  other  hand,  expenses  not  incurred  in  England,  of 
long  carriage  on  pipes  and  machinery,  import  dues,  and  scarcity  of 
suitable  building  materials. 


Interest  paid  by 
water  companies. 


See  Monopoly, 
page  28. 


Cost  of  foreign 
water-works. 


Information 

necessary  for  a 

scheme. 


The  following  is  the  information  which  is  necessary  as  a  basis  for 
Designing  water-works  and  for  calculating  their  Cost  To  the 
various  particulars  here  described,  an  engineer  on  the  spot  would 
direct  his  attention,  and  the  same  information  will  aid  engineers  who 
have  not  seen  the  locality  in  suggesting  the  best  methods  and  the 
probable  expense,  leaving  the  exact  details  perhaps  for  verification 
and  final  decision  afterwards  on  the  spot  As  the  information 
described  is  meant  for  general  application  and  to  cover  a  variety  of 
cases,  it  is  obvious  that  in  every  instance  some  of  the  particulars 
may  be  omitted  and  possibly  others  added. 

I.  A   Map  of  the  town   and   adjoining  country,  showing  the 

positions  of  the  wells,  springs,  rivers,  or  lakes,  from  which  water  may 

be  obtained.     Where  there  is  a  question  as  to  the  sufficiency  of  the 

water  which  certain  streams  can  afford,  a  correct  estimate  can  only 

Catchment  area  be  based  on  a  knowledge  of  the  extent  of  the  catchment  area  of  the 

.s-ec a/w /rt^'igo.    rivers j   the  rainfall;   the  amount  lost  by  evaporation;   and    the 
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absorption  as  determined  by  the  geological  formation.  Neigh- 
bouring elevations,  natural  basins,  and  other  sites  suitable  for 
reservoirs  or  filter-beds  should  be  indicated ;  and  the  levels  of  the 
different  sources  should  be  given,  as  compared  with  some  fixed 
datum  in  the  town. 

2.  As  accurately  as  the  circumstances  will  permit,  the  geology  of 
the  Watersheds  or  of  the  sites  of  wells ;  and  wherever  works  are 
proposed,  trial  holes  or  borings  should  be  made.  A  description  of 
each  of  the  sources  of  supply  which  are  available  for  consideration, 
giving  as  nearly  as  possible  the  nature,  quality,  and  amount  of  the 
water ;  the  levels  of  water  in  the  wells  of  the  locality,  the  strata 
through  which  the  wells  penetrate,  the  quantity  of  water  obtained 
from  them,  and  how  far,  if  at  all,  the  supply  is  liable  to  be  affected 
by  mining  operations  or  by  contamination  from  surface  drainage. 

3.  If  the  sources  from  which  the  water  is  to  be  taken  are  periodi- 
cally or  occasionally  flooded,  trustworthy  information  as  to  the  levels 
should  be  furnished,  and  the  effect  produced  by  the  floods  on  the 
quality  of  the  water  described.  If  possible,  the  maximum  quantity  of 
Flood  water  per  minute  should  be  stated ;  also  the  dry  seasons,  if 
any,  which  produce  scarcity  of  water  should  be  described,  and  the 
maximum  period  of  drought,  in  order  that,  if  necessary,  the  scheme 
may  include  provision  for  the  sufficient  storage  of  water.  A  know- 
ledge of  the  alterations  in  the  levels  of  the  sources  is  also  necessary 
to  determine  the  works  at  the  in-take  of  the  water ;  and  in  giving 
information  on  all  these  points,  the  experience  of  as  many  past  years 
as  possible  should  be  furnished,  so  as  to  include  exceptional  as  well 
as  ordinary  seasons. 

4.  The  Right  to  take  the  water  should  be  affirmed,  and  if  in    Right  of  water, 
taking  the  water,  existing  rights  of  mill-owners  or  others  below  the 

point  of  abstraction  are  interfered  with,  the  circumstances  should  be 
described,  and  the  compensation  or  other  terms  which  may  be 
arranged.  In  connection  with  this,  the  number  and  value  of  mills 
interfered  with  should  be  stated ;  also  whether  the  water  is  in  such 
mills  used  for  power  or  for  manufacturing  purposes;  and  if  for 
power,  the  size  of  the  wheels  and  the  available  fall.  Any  other 
public  works,  undertakings,  or  circumstances,  in  the  neighbourhood 
of  the  town  or  of  the  water-sources,  which  may  in  the  future  be 
likely  to  affect  the  supplies,  should  be  described. 

5.  Samples  of  the  water  should  be  furnished  for  analysis,  and  the  Samples  of  water 
times  and  circumstances  in  which  the  samples  were  obtained  care- 
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fully  described.  The  samples  .should  be  transmitted  in  perfectly 
clear  glass  bottles,  containing,  if  possible,  not  less  than  a  gallon, 
well  stoppered  and  sealed  (not  corked),  and  these  samples  should 
be  accompanied  by  any  analysis  which  may  already  have  been  made 
locally. 

6.  A  description  of  the  Existing  water-supply^  showing  the  quality 
and  abundance  of  the  water  at  different  seasons,  and  its  cost  to  the 
inhabitants. 

7.  If  it  is  proposed  to  take, the  supply  from  a  river  affording 
power  for  Working  pumps^  such  particulars  should  be  furnished  con- 
cerning the  fall  available,  the  velocity  of  the  current,  and  quantity  of 
water  per  minute  at  different  seasons,  as  will  enable  the  engineer  to 
consider  the  expediency  of  using  water-wheels  or  turbines  for  raising 
the  water,  and  for  deciding  upon  the  kind  and  size  of  such  machines. 

8.  A  Plan  of  the  town  on  a  sufficiently  large  scale,  showing  the 
principal  thoroughfares  through  which  the  main  pipes  should  be  laid, 
the  side  streets  in  which  pipes  will  be  wanted,  the  position  of  public 
buildings  or  manufactories  requiring  large  supplies  of  water,  the 
sites  for  fountains,  or  wherever  else  water  will  be  specially  required. 
The  levels  of  all  these  places  should  be  given. 

9.  Local  information  of  the  kind  described  in  a  previous  chapter, 
with  regard  to  the  landing  and  transport  of  materials,  import  duties, 
cost  of  building  materials  and  labour,  and  especially  with  reference 
to  the  following  points :  The  kind  of  gravel  or  sand  obtainable  as 
suited  for  filter-beds  ;  of  sand  for  mortar,  cement,  or  concrete ;  clay 
for  puddling ;  and  clay,  lime,  hydraulic-lime,  bricks,  stone,  slate,  and 
timber,  suitable  as  building  materials  ;  iron  pipes,  blue  lead  for  pipe 
jointing;  coal  or  other  fuel  for  pumping  engines,  and  the  cost  of 
such  materials ;  a  description  of  the  kind  of  labourers  and  different 
kinds  of  skilled  workmen,  and  the  rates  of  wages. 

10.  The  Climate  should  be  described,  not  only  as  regards  the 
points  enumerated  for  railways,  but  with  respect  to  the  following : 
The  rainfall  for  each  month  for  as  long  a  series  of  years  back  as 
possible,  and  how  it  has  been  ascertained  ;  the  evaporation,  and  how 
ascertained  ;  the  degrees  and  continuation  of  frost,  and  the  depth  to 
which  it  enters  the  ground ;  the  thickness  of  ice  on  the  rivers,  and 
how  often  it  occurs ;  the  temperature,  maximum  and  minimum,  of 
the  water  to  be  used. 

11.  If  a  site  has  been  selected  as  suitable  for  a  pumping  station, 
*  the  nature  of  the  Foundations  for  building  should  be  described,  and 
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it  should  be  stated  if  water  other  than  that  to  be  obtained  for  sup- 
plying the  town  is  available  for  condensing  the  steam  in  the  engine. 
No  very  pure  quality  is  necessar}'  for  this,  and  surface  condensers 
may  be  used,  or  the  condensed  steam  and  water  stored  and  re-used. 

12.  The  kind  of  Road  material  along  the  lines  of  pipes  and  the 
subsoil  in  which  trenches  will  have  to  be  cut.  As  water  pipes 
should  not  be  placed  in  close  contiguity  to  gas  pipes,  the  position  of 
the  latter  should  be  shown  on  the  plan. 

13.  The  conditions  upon  which  Land  can  be  obtained,  the 
authority  under  which  it  may  be  taken,  the  tenure  upon  which  it 
may  be  held,  its  value,  and  the  cost  of  the  process. 

14.  The  Population  oi  Uti^  town  and  district  which  is  to  be  served 
with  water,  the  rate  of  increase  in  the  population  during  preceding 
years,  and  the  probability  for  the  future. 

15.  The  number  of  Houses  and  tenements,  and  the  rentals  per 
annum,  divided  into  classes,  advancing  by  steps  of  about  jQio.  The 
general  height  of  the  houses,  and  the  maximum  height. 

16.  Some  information  should  be  afforded  as  to  the  wealth  and 
Occupations  of  the  people,  so  far  as  will  aid  in  estimating  the  amount 
of  water  required  and  the  means  of  paying  for  it.  Information  under 
this  head  should  tell  whether  the  inhabitants  wash  linen  at  home ; 
whether  baths  are  usual  in  the  houses ;  the  manner  in  which  the 
houses  and  streets  are  drained ;  and  whether  any  complete  system 
of  drainage  is  established  in  the  town,  or  is  in  contemplation. 

17.  If  a  Scheme  of  water-supply  has  been  already  prepared,  a 
description  of  it  should  be  furnished,  showing  the  proposed  methods 
of  raising  money,  the  terms  of  concession  offered  by  the  municipality 
and  the  calculations  of  cost,  revenue,  and  profit 
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CHAPTER    X. 

TOWN   DRAINAGE. 

Essential  as  good  drainage  works  are  to  the  comfort  and  health  of 
Neceaaity  for     a  Community,  they  are  seldom  undertaken  until  the  necessity  is 

forced  very  strongly  upon  those  concerned.     Even  in  Great  Britain, 

where  civilisation  might  be  thought  sufiiciently  advanced  to  ensure  a 

Town  authorities  proper  appreciation  of  such  advantages,  municipal  authorities  have 

always  been  backward  in  adopting  improved  methods  of  drainage ; 
and  this  mainly  because  the  expenses  of  new  schemes  are  more 
apparent  than  the  promised  benefits.  Old  systems  of  drairage,  or 
rude  methods  of  removing  sewage  and  refuse,  are  considered 
sufficient  by  those  who  are  accustomed  to  them ;  and  even  persons  of 
education  cannot,  or  will  not,  in  many  cases,  be  brought  to  see  how 
much  the  health  of  a  town  may  be  improved  and  its  mortality 
diminished  by  proper  drainage  works.  Although  the  scientific 
evidence  on  such  matters  is  ample,  and  is  confirmed  by  the  statistics 
Oppoaition  to  of  the  health  of  towns,  the  inhabitants  and  ratepayers,  through  the 
aanitary  works,  representatives  whom  they  elect,  will  too  frequently  by  passive  or 

active  resistance  postpone  as  long  as  possible  the  necessary  sanitary 

works ;  nor  will  the  occurrence  of  epidemics  always  prove  sufficient 

Town  drainage    to  rouse  them.     In  England  it  is  only  since  Parliament  by  legislative 

by  Parliament,    enactments  has  brought  a  superior  power  to  bear  upon  all  urban 

authorities,  that  those  who  were  unwilling  or  unmindful  have  been 
forced  to  take  the  necessary  action.  If  such  has  been  the  case  so 
often  in  Great  Britain,  similar  negligence  in  foreign  cities,  where 
public  opinion  is  not  so  educated,  is  not  astonishing. 

In  countries  where  the  inhabitants  are  of  inferior  race,  or  of 

uncleanly  habits,  or  where  there  are  established  defects  in  drainage, 

Dangers  of  neglect  and  especially  in  countries  where  the  climate  intensifies  the  dangers 

*"*  dfmafe.  ^    of  neglect,  the  necessity  for  drainage  works  is  even  stronger  than 

in  England,  and  the  results  which  such  works  afford  proportionately 

greater.     The  advantages  obtained  are  not  to  be  measured  only  by 
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the  low  average  of  mortality,  but  also  by  the  diminution  of  sickness, 
and  by  the  comfort  and  decency  in  daily  life  afforded  to  all  classes 
of  the  community. 


In  Great  Britain,  the  Urban  Sanitary  authorities  of  each  town 
(generally  the  Corporation  or  County  Council,  or  in  un  incorporate 
towns,  the  Local  Boards  of  Health),  are  empowered  by  law  to 
borrow  money  on  the  credit  of  the  rates  for  capital  expenditure  on 
new  works ;  and  loans  on  the  security  thus  afforded  are  sometimes 
granted  from  the  public  funds ;  it  being  a  condition  of  such  borrowing 
powers  that  a  sinking-fund  shall  be  provided,  so  that  annually  not 
only  the  interest,  but  also  a  part  repayment  of  the  capital  shall  be 
borne  by  the  revenue  of  the  current  year.  Some  or  all  of  the  money 
is  frequently  advanced  by  Life  Assurance  Societies,  who  have  to  find 
employment  for  their  large  reserve  funds,  and  who — ^unlike  bankers 
— do  not  require  a  speedy  return  of  the  money  lent,  although  they 
generally  stipulate  that  the  loan  shall  be  repaid  by  annual  instalments 
in  a  prescribed  number  of  years.  Although  in  the  majority  of  cases 
such  financial  arrangements  have  proved  successful,  the  question  has 
been  raised,  and  will  probably  receive  considerable  attention,  whether 
the  system  is  in  English  towns  equitable.  As  the  taxation  falls 
exclusively  on  householders,  and  as  many  of  the  houses  in  English 
towns  are  held  by  annual  tenancy  or  on  short  leases,  the  freeholder, 
on  the  expiration  of  the  period  of  the  loan,  reaps  all  the  advantage 
of  the  improvements,  to  which  he  may  not  have  contributed  anything. 

The  drainage  works  of  London  are,  for  purpose  of  construction 
and  management,  divided  into  two  distinct  classes,  the  main  drainage 
and  the  local  sewers.  The  main  drainage  was  undertaken  by  the 
Metropolitan  Board  of  Works  (since  superseded  by  the  County 
Council),  a  constituent  body  formed  for  the  purpose,  although  it 
performed  many  other  functions.  Most  of  the  money  for  the  large 
arterial  sewers,  reservoirs,  and  pumping  stations  which  compose  the 
main  drainage  system  has  been  raised  by  loan  as  just  described,  and 
the  security  is  considered  so  good  that  as  much  money  as  is  required 
has  been  obtained  at  a  rate  of  interest  of  from  2\  to  3  per  cent,  per 
annum.  The  taxation  for  paying  the  interest  and  repaying  the 
principal  of  the  loans  (except  those  raised  on  the  special  security  of 
the  coal  dues)  is  levied  as  a  rental  rate  over  the  whole  metropolitan 
area  which  is  benefited ;  but  the  duty  of  collection  is  entrusted  to  the 
authorities  of  each  separate  parish  or  district,  who  are  called  upon 
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twice  a  year  to  contribute  the  quota  which  is  due  from  them.  It  is 
endeavoured  by  periodical  assessments  of  value  to  make  the  burden 
lie  equally,  so  that  a  similar  rental  rate  on  all  districts  may  represent 
a  real  similarity  in  taxation.  The  local  sewers  of  the  metropolis  are 
constructed  by  the  authorities  of  each  parish,  or  group  of  parishes 
(called  districts),  from  funds  raised  in  a  similar  way ;  the  duty  of  the 
local  authority  ending  when  the  sewage  reaches  one  of  the  main 
arterial  sewers.  The  street-cleansing,  removal  of  refuse,  and  general 
sanitary  works  are  also  managed  and  paid  for  by  each  district 
separately.  The  plurality  of  authorities  who  thus  direct  the  muni- 
cipal affairs  of  London  is  often  a  cause  of  great  inconvenience; 
there  is  a  want  of  uniformity  in  the  management ;  the  expenditure 
is  unduly  great;  and  reforms  or  improvements  much  needed  are 
rendered  difficult. 

Most  provincial  towns  in  England  are  able  to  borrow  money  at 
rates  varying  from  2\  to  3^  i)er  cent,  per  annum,  there  being  various 
secondary  reasons  which  in  the  minds  of  investors  render  such  loans 
worth  a  slightly  higher  rate  of  interest  than  the  metropolitan  loans. 
The  latter,  being  of  larger  amount,  are  more  widely  distributed  and  are 
better  known ;  the  growinsj  value  of  the  security  is  more  apparent ; 
trust  funds  may  be  legally  invested  in  the  stock ;  the  interest  is  paid 
quarterly;  and  transfers  can  be  effected  in  the  metropolis.  For 
these  reasons  the  stock  can  at  any  time  be  easily  disposed  of — 
a  point  always  regarded  by  investors  as  important,  apart  altogether 
from  questions  of  security  and  rate  of  interest. 

The  English  system  of  providing  funds  is  adopted  in  many  of  the 
colonies,  but  as  local  capital  is  not  so  easily  obtainable  at  moderate 
rates  of  interest  as  in  England,  outside  aid  has  often  to  be  invited  ; 
and  in  the  case  of  large  towns,  municipal  loans  are  issued  by  the  per- 
mission of  the  Colonial  Parliaments,  and  are  generally  well  regarded 
by  English  investors. 


See  Chap.  III. 
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The  terms  upon  which  capitalists  and  contractors  will  carry 
out  foreign  projects  have  been  already  referred  to.  But  conditions 
applicable  to  the  special  nature  of  drainage  works  are  of  course 
necessary,  for  there  is  the  marked  difference  between  drainage 
works  and  such  undertakings  as  railways  and  water- works,  that  the 
former,  in  not  being  directly  remunerative,  lack  the  collateral  security 
which  the  earnings  of  the  latter  afford.  If,  therefore,  local  funds  are 
not  foithcoming,  outside  capitalists  will  be  more  than  usually  cautious 
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in  satisfying  themselves  that  the  security  offered  is  sufficient. 
Sometimes,  as  in  England,  the  municipality  raises  the  funds  directly 
by  loan,  pledges  its  credit  unconditionally  for  payment  of  interest 
and  capital,  and  then  makes  a  separate  bargain  with  the  contractor 
for  the  works.  In  such  cases,  where  secure  money  payments  are  to 
be  depended  on,  contractors  or  promoters  can  expect  a  preference 
only  where  they  afford  assistance  in  other  ways,  such  as  by  making 
the  preliminary  plans,  or  by  subscribing  to  the  loan.  Sometimes, 
however,  the  municipality  does  not  raise  money  directly  by  loan,  but 
prefers  to  grant  a  concession  to  suitable  persons  willing  to  undertake 
the  works.  In  such  cases  the  contractor  may  be  paid  by  interest- 
bearing  bonds,  which  are  to  be  redeemed  at  some  period  after  the 
works  are  completed,  the  due  payment  being  secured  by  the  ordinary 
revenue  of  the  town,  or  by  the  hypothecation  of  certain  property 
or  taxes.  Another  mode  of  payment  (adopted  at  Rio  de  Janeiro) 
somewhat  resembles  that  usual  f6r  water- works.  Instead  of  taxing 
the  general  community,  a  special  rJte  is  levied  upon  each  house 
according  to  its  rental.  The  concessionnaires  have  the  right,  when 
they  have  conducted  the  drainage  of  each  house  into  the  sewers,  to 
demand  from  the  municipality  annually  a  certain  sum,  and  have  the 
obligation  and  right  of  connecting  the  drains  of  new  houses  as  they 
are  builL  As,  according  to  this  plan,  a  large  outlay  must  be  made 
before  payments  become  due,  contractors  with  considerable  capital 
are  alone  able  to  undertake  such  works.  An  additional  revenue  is 
sometimes  obtained  from  the  town  as  payment  for  the  ordinary 
street  drainage,  and  sometimes  a  subsidy  in  money  is  given  besides. 
It  only  depends  upon  the  terms  of  such  engagements  to  make  them 
as  profitable  as  those  for  any  other  public  works.  The  bargain 
generally  grants  to  the  concessionnaire  the  property  of  the  sewage 
as  manure;  but  it  has  been  sufficiently  shown  that  the  value  of 
the  sewage  will  not  alone  compensate  for  the  works  and  labour  of 
removal;  and  unless  there  be  unusual  facilities  for  its  immediate 
conveyance  to  agricultural  land,  the  sewage  has  to  be  filtered, 
deodorised,  or  otherwise  rendered  inoffensive  by  the  contractor 
before  it  can  be  made  available  as  manure,  or  the  effluent  water  be 
allowed  to  flow  away.  All  these  conditions  are  obviously  matters 
for  special  arrangements  in  each  case. 

In  deciding  upon  the  methods  of  drainage  which  are  best  suited 
to  any  particular  locality,  considerations  of  economy  affect  the 
question  in  various  ways.     The  truth  of  the  proposition  that  sewage 
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should  be  given  to  the  land  is  universally  acknowledged,  and  sanitary 
engineers  in  all  countries  would  willingly  conform  to  such  a  law  of 
nature,  and  not  only  thus  find  a  means  by  which  they  can  be  rid 
of  the  sewage,  but  at  the  same  time  make  its  disposal  a  profit  instead 
of  an  expense.  Differences  of  opinion  amongst  engineers  on  this 
point  have  been  magnified  because  of  the  very  different  sides  from 
which  they  approach  the  question,  and  from  the  want  of  experience 
or  trustworthy  data.  Some,  in  their  earnest  desire  to  utilise  the 
sewage,  and  in  the  very  sanguine  hopes  they  entertain  of  success, 
are  apt  to  risk  failure  in  the  primary  and  more  important  sanitary 
task.  The  size  of  large  cities,  the  crowded  population,  the  manner 
of  conveying  the  sewage,  the  absence  of  a  regular  water  supply,  the 
method  of  purification,  the  want  of  suitable  land,  the  difficulties  of 
applying  the  sewage,  and  the  very  low  value  it  possesses  (especially 
when  diluted  by  street  drainage)  in  proportion  to  its  bulk,  are 
obstacles  which,  singly  or  together,  have  up  to  the  present  time,  in 
the  majority  of  cases,  baffied  the  ingenuity  of  those  engineers  who 
have  sought  to  make  sewage  irrigation  profitable.  There  are  cases 
where  crude  sewage  can,  with  advantage,  be  put  upon  the  land, 
and  the  time  may  come,  as  other  kinds  of  manure  become  more 
expensive,  when  sewage  will  have  such  an  increased  value  as  to 
justify  more  frequently  the  cost  of  so  using  it  But  so  long  as 
other  manure  can  be  more  easily  or  cheaply  obtained,  it  would  be 
as  wasteful  to  apply  the  sewage  (unless  for  sanitary  reasons)  as  to 
take  pains  to  utilise  some  waste  material  for  fuel  when  the  equivalent 
in  coal  could  be  purchased  at  a  less  price.  There  is,  perhaps,  no 
problem  among  those  which  the  engineers  of  the  future  have  to 
solve  which  is  more  important  to  the  welfare  of  mankind  than  the 
economical  disposal  of  sewage  and  town  refuse,  and  in  no  branch 
of  engineering  are  there  such  marked  differences  of  opinion;  but 
if  it  be  acknowledged  that  the  sanitary  work  is  a  necessary  and 
legitimate  cause  of  expense,  experience  has  already  sufficiently 
accumulated  to  show  the  means — single  or  together — by  which  the 
desired  result  can  be  achieved. 

The  climate  and  the  local  circumstances  in  most  foreign  towns 
differ  so  widely  from  those  in  England,  that  the  systems  of  drainage 
and  the  methods  of  procedure  usual  in  English  towns  cannot  always 
be  applied.  In  countries  subject  to  alternate  dry  and  rainy  seasons 
the  arrangements  for  street  cleansing  must  necessarily  be  different 
from  those  in  England,  where   periods  of  more  than  a  few  days 
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without  rain  axe  rare.  An  insufficient  or  irregular  water-supply  is 
also  a  great  cause  of  difficulty,  and  where  no  regular  water-works 
exist,  their  construction  either  in  conjunction  with  or  as  preliminary 
to  the  drainage  works  is  an  essential  part  of  any  complete  sanitary 
scheme.  The  house  fittings  and  sanitary  appliances  are  in  most 
towns  not  of  English  origin  of  an  insufficient  and  backward  kind, 
and  the  inhabitants  have  generally  standards  of  comfort  and  decency 
which  would  be  unendurable  amongst  an  English-speaking  people. 
Modem  travel,  and  the  comparisons — so  disadvantageous  to  them- 
selves— which  such  intercourse  forces  upon  foreigners,  is  leading  to 
the  introduction  of  English  systems  abroad ;  but  the  expense  which 
such  systems  involve,  generally  forbids  their  adoption  when  only 
increased  comfort  or  decency  is  the  anticipated  benefit ;  and  it  is  the 
occurrence  of  epidemics,  or  a  permanently  high  death-rate,  which 
finally  induces  the  adoption  of  improved  methods. 

The  liquid  sewage  of  a  town  consists  of  the  surface  and  subsoil 
water  resulting  from  the  rainfall,  which  brings  with  it  the  street 
sweepings  and  other  surface  impurities ;  and  the  sewage  from  houses, 
stables,  and  factories.  Where  no  proper  system  prevails,  the  street 
drainage  is  generally  allowed  to  flow  along  open  gutters  (into  which 
often  the  house  slops  are  emptied),  and  thence  by  ditches  outside 
the  town  into  the  nearest  river.  These  open  conduits  are  not  only 
offensive  to  the  sight  and  smell,  but  too  often  also  spoil  the  wells  of 
the  locality.  The  evils  of  such  a  system  are  reduced  to  a  minimum 
when  the  gutters  are  well  flushed;  and  in  towns  possessing  an 
abundant  supply  of  water,  a  copious  and  continuous  flow  along  the 
street  gutters  tends  to  render  them  innocuous.  In  the  case  of  towns 
situated  on  low-lying  or  marshy  grounds,  surface  and  subsoil  drainage 
is  a  matter  of  great  importance,  quite  apart  from  the  more  difficult 
question  of  house  sewage.  Although  in  the  great  majority  of  cases 
where  improved  systems  of  drainage  are  established,  the  two  kinds  of 
sewage  are  treated  together — the  rain-water  and  street  gutters  helping 
to  flush  the  drains  which  convey  the  house  sewage — it  is  the  opinion 
of  some  engineers  that  the  two  should  be  kept  distinct,  so  that  the 
house  sewage,  no  longer  diluted,  shall  retain  its  full  value  as  manure ; 
and  in  countries  subject  to  heavy  rains  it  is  impossible  to  provide  for 
rain-water  in  the  sewers.  The  separate  system  finds  its  chief  justifica- 
tion in  those  cases  where  the  sewage  has  to  be  lifted  by  pumping  (and 
where,  therefore,  it  is  desirable  to  reduce  the  bulk  and  weight),  and 
where  the  sewage  is  allowed  to  flow  on  to  land  in  a  crude  condition. 
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Disposal  At  present,  house-sewage  is  disposed  of  in  various  ways.     The 

old-fashioned  middens  and  cesspools  are  still  used  in  a  vast  number 

of  cases,  and  in  crowded  towns  cannot  be  too  strongly  condemned. 

Evils  of  cesspools.  In  some  cases  the  cesspools  are  periodically  or  occasionally  emptied, 

and  their  contents  buried  in  waste  land,  or  taken  to  agricultural 
land  for  manure,  or  thrown  into  the  sea ;  in  others,  they  are  never 
emptied,  and  when  full  others  are  used  in  their  stead.  In  towns 
where  the  means  or  disposition  to  construct  sewers  are  wanting,  or 
where  the  absence  of  a  regular  water-supply  would  render  removal  in 
a  liquid  form  difficult,  or  where  the  inhabitants,  from  their  ignorance 
or  prejudices,  would  be  likely  to  neglect  or  misuse  the  arrangements 
necessary  to  water-carried  sewage,  then  these  ruder  systems  must  be 
made  the  best  of.  In  most  towns  a  regular  organisation  exists  for 
the  removal  of  ashes  and  other  house  refuse,  and  by  an  extension  of 
the  same  organisation  to  the  "dry-earth"  and  "pail"  systems,  it  is 
attempted  to  remove  sewage  matter  from  houses  in  a  solid  or  semi- 
solid form ;  but,  to  render  such  methods  successful  and  inoffensive, 
every  part  of  the  apparatus  must  be  properly  designed,  each  detail 
in  the  operation  suitably  arranged,  elaborate  precautions  taken  for 
cleaning  and  deodorising,  and  the  supervision  must  be  constant  and 
vigilant.  The  difficulties  which  generally  hinder  the  adoption  of  these 
systems  are  none  the  less  because  they  are  made  up  of  details,  for 
the  minor  inconveniences  of  periodically  entering  private  premises, 
of  carrying  and  carting  offensive  matters  through  the  streets,  and  of 
disposing  of  them  promptly,  are — if  the  English  standard  of  decency 
and  comfort  be  considered — very  great;  yet  in  towns  without  water 
supply  and  closets  after  the  English  fashion,  such  a  carefully-organised 
system  of  periodical  removal  may  be  the  best.  Such  systems,  how- 
ever, find  their  easiest  application  in  villages  or  small  towns.  So 
much  depends  on  the  local  circumstances  of  each  case,  the  size  of 
the  place,  the  situations  of  the  houses  and  offices,  the  supply  of  suit- 
able earth  or  other  deodorants,  facilities  for  removal,  contiguity  of 
agricultural  or  waste  land,  and  other  essential  conditions,  that  the  plan 
cannot  be  recommended  for  general  adoption  in  large  towns.  Those 
who  defend  the  pail  and  cart  method  not  merely  as  a  substitute  under 
certain  circumstances  for  the  water-carried  system,  but  as  superior 
even  where  there  are  available  sewers  and  abundant  water,  are  apt 
to  overstate  the  disadvantages  of  the  latter;  but  the  anticipated 
evils  need  not  arise  if  proper  attention  is  paid  to  ventilation,  and  if 
there  are  the  same  care  and  supervision  as  have  been  bestowed  in 
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those  towns  where  the  pail  system  is  cited  as  successful.  It  is  the 
misuse  of  the  water-systems  which  alone  renders  them  open  to 
condemnation.  It  must,  moreover,  be  borne  in  mind  that  all  other 
methods  of  dealing  separately  with  house  sewage  can  only  be  adopted 
as  supplementary,  and  not  as  a  substitute  for  the  water-carrying  of 
sewage,  the  liquid  sewage  of  a  town  almost  always  containing  the 
largest  share  of  impurities. 

The  facilities  which  a  regular  water-supply  affords  for  the  removal 
in  sewers  has  caused  such  methods  to  be  adopted  with  too  little  regard 
to  the  ultimate  disposal  of  the  sewage ;  and  where,  in  countries  like 
Great  Britain,  with  an  increasing  population,  it  is  allowed  to  flow  in  a 
crude  state  into  neighbouring  streams  or  rivers,  the  pollution  of  the 
rivers  (especially  those  of  small  volume)  has  become  intolerable. 
Even  where  the  discharge  is  so  arranged  as  not  to  inconvenience 
the  inhabitants  of  the  town,  the  nuisance  is  only  removed  to  those 
who  live  further  down  the  river,  who  in  many  cases  not  only  suffer 
discomfort,  but  find  their  supply  of  drinking  water  fouled  beyond 
endurance.  So  glaring  did  the  evil  become  in  England,  that  the 
Rivers  Pollution  Prevention  Act  was  (1876)  passed  to  forbid  the 
discharging  of  crude  sewers  into  rivers ;  and  the  sea,  in  cases  where 
the  sewage  is  a  nuisance,  is  included  in  the  prohibition.  Although 
in  England,  consideration  for  the  vested  interests  of  manufacturers 
has  prevented  the  same  interference  with  the  fouling  caused  by 
trade  refuse,  legislation  has  been  directed  towards  a  reduction  of  this 
evil  also;  and  if,  to  avoid  infringement  of  the  law,  manufacturers 
discharge  their  trade  refuse  into  the  public  sewers  (thus  casting  upon 
the  community  the  burden  of  disposing  of  it),  the  same  Act  of 
Parliament  provides  for  their  contributing  to  the  expense.  As  such 
legislation  occurred  at  a  time  when  the  drainage  of  towns  had  been 
enforced  by  other  sanitary  enactments,  urban  authorities  found  them- 
selves in  peculiar  difficulties.  And  as  the  drainage  of  a  district  must 
eventually  reach  the  rivers,  purification  through  the  natural  filter  of 
land,  or  by  artificial  means,  became  necessary. 
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The  arrangement  of  houses  and  streets  in  the  European  manner, 
with  an  established  water-supply,  being  accepted,  it  may  be  assumed 
that  removal  in  a  liquid  state  is  in  the  majority  of  cases  the  most 
preferable  method  available,  and  the  following  are  briefly  the  means 
necessary  to  the  proper  cleansing  and  drainage  of  a  town  : — 

I.  The  streets  must  be  properly  sloped,  and  channel?  provided    .street  cleansing. 
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for  conveying  the  rain-water  through  gratings  into  underground 
drains,  the  openings  being  properly  provided  with  stench-traps  or 
deodorisers. 

2.  Proper  regulations  must  be  made  for  the  periodical  removal  of 
ashes  and  other  house  refuse;  and  for  the  removal  from  streets, 
markets,  and  slaughter-houses,  of  snow,  filth,  garbage,  and  rubbish. 

3.  Every  house  must  be  provided  with  suitable  domestic  fittings, 
and  means  for  the  conveyance  of  sewage  into  proper  drains. 

4.  Sewers  of  proper  shape  and  size,  to  which  the  house  drains 
must  communicate,  must  be  constructed  in  every  street,  converging 
into  larger  arterial  sewers,  and  there  must  be  a  sufficient  water  supply 
to  ensure  a  proper  flow  and  periodical  flushing. 

5.  The  liquid  sewage  must  be  conducted  either — 
(a)  Into  the  sea  beyond  low-water  mark. 

(If)  Into  tidal  or  other  rivers  of  sufficient  volume  to  carry 
away  the  sewage  without  excessive  pollution. 

(c)  Directly  on  to  land  and  disposed  of  by  irrigation. 

(d)  Or  into  precipitating  tanks  for  treatment  by  chemicals  :  the 

effluent,  more  or  less  purified,  passing  directly,  or  after 
filtration  through  land,  into  a  river  or  the  sea ;  and  the 
residuum — more  or  less  effective  as  manure — on  to  land. 
The  above  means  may  be  further  explained  as  follows  : — 

1.  In  most  civilised  towns  there  are  established  regulations  or 
bye-laws  for  the  width  and  formation  of  streets,  and  for  their 
drainage ;  and  where  new  lines  of  houses  or  streets  are  constructed 
by  private  persons,  conformity  to  the  bye-laws  is  a  condition  prece- 
dent to  the  streets  being  opened  for  traffic  and  taken  over  for  future 
maintenance  by  the  municipality. 

2.  The  removal  of  sweepings  from  streets ;  of  ashes,  bones, 
broken  earthenware,  and  other  domestic  rubbish  from  houses;  and 
of  offal  and  garbage  from  markets  and  abattoirs^  is  almost  as  essential 
to  health  as  is  the  riddance  of  sewage.  The  removal  of  refuse  is 
generally  managed  by  municipal  officers,  who  employ  for  the  pur- 
pose either  workmen  at  diy  wages,  criminals,  or  paupers ;  or  by 
contractors,  who,  providing  labour,  carts  and  appliances,  are  paid 
either  by  money  or  by  the  refuse  which  they  remove. 

Although  in  most  towns  there  are  such  arrangements  for  dealing 
with  refuse,  its  presence  in  the  streets  or  near  houses  before  removal, 
and  its  accumulation  in  the  vicinity  of  the  town  afterwards,  are 
fruitful  sources  of  disease ;  and  too  often  the  evils  are  perpetuated 
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by  the  building  of  new  houses  on  or  close  to  land  formed  of 
decaying  rubbish  heaps.  Even  when  deposited  at  a  distance  from  the 
town  the  refuse,  unless  effectually  buried,  is  still  a  source  of  danger. 
In  large  cities  like  London  or  Paris  there  are  few  persons,  even 
among  those  officially  connected  with  sanitary  affairs,  who  are  fully 
aware  of  what  does  become  of  the  refuse.  Although  in  some  parts 
of  London  the  collection  and  disposal  of  the  refuse  are  entirely  in 
the  hands  of  contractors,  who  have  by  experience  discovered  the 
various  ways  in  which  the  refuse  can  be  utilised,  in  most  of  the 
districts  the  work  is  done  entirely  by  the  municipal  authorities.  In 
the  central  district  of  London  the  refuse  is  sorted.  After  picking  out 
the  old  metals  and  bones,  which  have  a  ready  sale,  the  harder  sub- 
stances, like  broken  crockery,  are  utilised  for  road-making ;  cinders 
or  ashes  are  sold  to  brick-makers ;  and  market  garbage  and  street- 
sweepings  are  sold  or  given  to  farmers  as  manure,  and  the  worst 
kinds  of  offal  are  burnt.  This  sorting  of  the  refuse  has,  by  a  liberal 
expenditure  on  buildings  and  sanitary  appliances,  been  rendered  as 
harmless  and  inoffensive  as  possible  to  the  workpeople,  many  of 
whom  are  women.  Machines  have  even  been  devised  for  separating 
the  various  classes  of  refuse,  but  though  worked  with  some  succesfs, 
they  have  proved  a  nuisance  in  the  vicinity  of  dwellings.  The 
"  slop  "  or  road-mud,  which  contains  so  large  a  proportion  of  road 
detritus,  is  in  some  cases  washed  for  the  sake  of  the  sand  in  it,  which 
can  be  used  for  mortar;  but  in  most  cases  it  is  utilised  for  the 
raising  of  land  or  embankments,  or  in  road-making  as  a  substratum 
to  the  harder  materials.  The  last  resource  of  carrying  the  refuse  in 
barges  and  discharging  it  into  the  sea,  is  occasionally  resorted  to. 

In  several  English  and  foreign  cities  where  other  means  have 
proved  insufficient  or  unhealthy,  it  has  been  attempted,  with 
increasing  success,  to  deal  with  house  refuse,  offal,  and  garbage  of 
all  kinds  by  Fire,  and  as  burning  in  an  ordinary  furnace  would  be 
difficult  or  offensive,  special  furnaces  (known  as  destructors)  have 
been  devised  for  the  purpose.  These  furnaces,  which  are  built  of 
iron  and  brickwork,  are  so  arranged  in  regard  to  draught  and 
chimney  as  to  emit  no  noxious  gases,  while  at  the  same  time  they 
reduce  to  innocuous  cinder  or  clinker  all  that  is  put  into  them.  As 
there  is  no  storage,  the  furnaces  work  day  and  night,  and,  dealing 
with  the  refuse  as  it  arrives,  there  is  no  nuisance  at  the  site.  The 
English  custom  of  open  fires  in  houses  provides  in  the  domestic 
refuse  enough  half-consumed  cinders  to  serve  as  fuel,  but  even  in 
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cities  where  closed  stoves  are  used,  which  leave  no  combustible 
ashes,  there  is  generally  enough  carboniferous  matter  to  keep 
burning,  when  the  fire  is  stimulated  by  a  steam  jet,  or  other  artificial 
draught,  with  little  or  no  fuel  addition.  In  English  towns  the  refuse, 
exclusive  of  street  sweepings,  approximates  to  one-quarter  ton  per 
inhabitant  per  annum,  so  that  in  a  town  of  100,000  people,  about 
25,000  tons  have  to  be  dealt  with  yearly.  ,The  destructors  are 
composed  of  a  series  of  cells  or  chambers,  each  of  which  will,  with 
the  refuse,  offal,  and  garbage  usual  in  England,  and  with  good  work- 
men earning  30J.  a  week,  bum  about  eight  tons  of  refuse  per  day. 
But  in  foreign  cities  with  less  efficient  labour  available,  the  quantity 
sometimes  is  as  low  as  five  tons  per  cell  per  day.  The  cost  of 
burning,  including  interest  on  capital,  depreciation,  and  all  charges 
other  than  the  expense  of  carting  the  refuse  and  the  cost  or  rent  of 
land,  ranges  from  18//.  to  24^.  per  ton  of  refuse  destroyed,  but  3^.  to 
4</,  may  be  recouped  by  the  sale  of  the  products.  The  cost  of  a  de- 
structor of  not  less  than  twelve  cells  ranges  from  ^^500  to  ;^8oo  per 
cell,  including  all  building  and  brickwork,  but  exclusive  of  land.  The 
lower  rate  is  only  possible  by  using  cheap  sheds  of  corrugated  iron 
instead  of  the  more  substantial  and  permanent  brickwork.  For  a 
i2-cell  plant  4000  square  yards  of  land,  or  3000  metres,  equal  to 
about  three-quarters  of  an  acre,  will  suffice,  including  storage  room 
for  clinkers.  The  latter  are  in  some  cases  used  for  grinding  into 
mortar,  or  as  material  for  road-making,  or  as  railway  ballast  In 
some  cities  the  heat  from  the  furnaces  is  used  for  boilers  giving 
steam  power  to  engines  for  grinding  mortar,  or  for  electric  lighting, 
or  for  tramways.  But  one  pound  of  refuse  will  raise  only  about 
one  pound  of  steam  as  compared  with  ten  pounds  from  coal. 
Therefore,  while  such  a  use  of  it,  of  course,  reduces  the  expense  of 
the  destructor,  it  is  a  mistake  to  suppose,  as  is  sometimes  slated  to 
be  the  case,  that  the  burning  of  refuse  will  not  only  defray  the  cost, 
but  be  a  positive  source  of  profit.  The  removal  of  a  nuisance  must 
be  deemed  the  primary  object  in  view,  an  advantage  which  must  be 
paid  for. 

3.  The  sanitary  fittings  of  houses,  and  the  proper  connection  of 
the  house-drains  to  the  public  sewers,  are  of  primary  importance, 
and  bye-laws  which  embody  the  necessary  regulations  are  an  essen- 
tial part  of  all  municipal  drainage  schemes.  Such  bye-laws  define 
different  kinds  of  buildings,  prescribe  the  strength  of  walls,  the 
ventilation  of  rooms  and  offices,  and  the  shape,  size,  and  position 
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of  drains,  with  their  connection  to  the  public  sewers ;  and  although 
the  owners  or  builders  of  houses  have  to  bear  the  cost  of  all  the 
arrangements,  it  is  a  usual  regulation  that  the  necessary  sewer  con- 
nections (in  order  that  they  may  be  effectual)  shall  be  made  by  the 
servants  of  the  municipality. 

4.  In  regard  to  the  kind  and  arrangement  of  sewers,  much 
valuable  experience  has  accumulated  during  the  recent  years  of 
municipal  improvements,  and  well-established  rules  for  the  shape 
and  size  of  sewers,  and  the  fall  which  is  necessary  for  a  certain  flow, 
are  available  for  future  guidance.  The  importance  of  ventilating  all 
sewers,  both  public  and  private,  and  of  properly  trapping  all  sewer- 
connections,  has  become  more  thoroughly  appreciated.  Portland 
cement  concrete  has  in  some  cases  (both  in  Europe  and  America) 
been  substituted  with  advantage  for  brickwork  in  sewer  construction 
and  for  stoneware  in  drain-pipes.  Engineers  are  also  assisted  by  the 
numerous  inventions  of  stench-traps,  deodorisers,  and  other  sanitary 
appliances,  conducive  to  cleanliness  and  health. 

5.  In  regard  to  the  different  methods  enumerated  on  page  216 
for  the  disposal  of  liquid  sewage,  it  may  be  said  that : — 

{ci)  Tfie  Sea  as  a  receptacle  for  sewage  is  generally  preferred  when 
it  is  contiguous  to  the  town,  for  though  sewage  valuable  as  manure 
should  not  be  thrown  away  or  wasted  until  full  consideration  has 
been  given  to  plans  for  using  it  on  land,  the  trouble  and  expenditure 
necessary  to  such  utilisation  generally  appear  to  outweigh  the  pro- 
mised results.  In  many  English  coast-towns  the  method  of 
discharging  the  sewage  into  the  sea  is  inefficient  and  dangerous  to 
health;  but  by  legislative  enactments,  the  local  authorities  will  be 
compelled  to  amend  defective  systems.  In  the  coast  towns  of  other 
countries,  the  standard  of  efficiency  is  generally  much  below  that  of 
England.  For  instance,  the  sewage  is  often  offensive  when  it  is  dis- 
charged into  the  sea  in  the  immediate  vicinity  of  dwellings,or  at  a 
point  above  low-water  mark,  or  where — as  often  happens  in  an 
inland  sea,  or  in  a  land-locked  bay  or  gulf — there  is  little  flow  of  tide, 
or  where  the  currents  are  principally  in-shore.  Such  evils  may 
generally  be  rectified  by  extending  the  discharge-pipes  further  into 
the  sea,  or  by  conducting  the  sewage  to  an  outfall  on  the  coast  more 
remote  from  the  town,  or  to  a  point  where  the  currents  are  more 
favourable  ;  and  such  precautions  sometimes  involve  the  construction 
of  pumping-engines  for  raising  the  level  of  the  sewage.  During  the 
time  that  the  outlet  is  clost\l  by  the  tide,  the  sewer  (although  the 
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sewage  may  be  expelled)  becomes  in  effect  a  I  arge  cesspool,  and 
special  precautions — ^sometimes  involving  great  expense — are  neces- 
sary to  ventilate  the  sewer  and  prevent  the  foul  gases  from  rising 
through  the  drains  into  the  streets  and  houses.  When,  owing  to 
special  circumstances,  the  discharge  of  crude  sewage  into  the  sea 
cannot  by  any  of  the  above  means  be  rendered  inoffensive,  then  a 
certain  preliminary  treatment  of  the  sewage,  such  as  is  presently 
described  in  connection  with  its  discharge  into  rivers,  becomes 
necessary. 

(b)  T/i£  discharge  of  sewage  into  Rivers  has  been  the  method 
almost  invariably  adopted  in  towns  not  situated  on  the  sea.  In 
England  there  are  none  but  tidal  rivers  into  which  crude  sewage  can 
be  properly  discharged,  for  although  a  running  stream  has  wonderful 
powers  of  recuperation,  offensive  mud  banks  are  deposited ;  and  as 
the  population  is  generally  dense,  and  the  rivers  small,  the  sewage  is. 
inevitably  a  nuisance  to  towns  and  villages  below.  In  new  or 
sparsely-peopled  countries  the  crude  sewage  of  a  town  may  be  dis- 
charged into  inland  rivers ;  but  evil  results  cannot  be  avoided,  and 
as  population  increases,  the  fouling  of  the  stream  will,  as  it  has  done 
in  England,  prove  a  nuisance. 

Even  where  there  is  a  tidal  river  of  large  volume,  sewage  can  only 
be  inoffensively  discharged,  if  the  current  be  strong  enough  to  bear 
it  quickly  away  into  the  deep  sea  without  depositing  it  on  the  banks 
or  shoals.  The  circumstances  which  cause  a  bar  to  form  a  natural 
deposition  at  the  mouth  of  a  river  apply  to  the  suspended  matter  in 
the  sewage  also,  but  in  sewage  there  are  heavier  and  more  adhesive 
particles  than  the  natural  alluvium,  and  the  liability  to  form  shoals  is 
proportionately  increased.  Where  the  drains  discharge  directly  into 
a  river  as  it  flows  past  a  town,  and  especially  when  such  discharge  is 
continuous,  the  stream  must  obviously  be  fouled,  and  dredging  to 
remove  the  banks  probably  rendered  necessary;  the  degree  of 
nuisance  being  measured  by  the  volume  and  velocity  of  the  stream 
as  compared  with  the  amount  of  the  sewage  poured  into  it. 

The  manner  in  which  the  sewage  of  London  is  discharged  into 
the  Thames  will  illustrate  the  methods  which  have  been  considered 
efficient.  Up  till  the  year  i860,  local  sewers  emptied  into  the  Thames 
at  all  parts  of  its  course  through  the  metropolis,  and  the  fouling  of 
the  stream  became  at  last  unbearable.  Since  that  date  long  lines  of 
main  sewer  have  been  constructed  on  each  side  of  the  river,  which 
intercept  all  the  previously  existing  sewers,  and  convey  their  contents 
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to  points  about  twelve  miles  below  London  Bridge,  where  the  river 
runs  for  a  considerable  distance  between  uninhabited  marsh  lands  \ 
pumping-stations  at  various  points  on  the  route  raising  the  sewage  to 
the  level  necessary  for  a  proper  flow.  At  the  stations,  proper  means 
are  taken  by  a  system  of  scavenging  and  of  catch-pits  to  remove 
large  substances  and  the  heavier  silt  or  road-grit,  and  up  till  about 
1886  the  crude  sewage  with  only  this  preliminary  treatment  passed 
into  the  river.  In  deciding  upon  the  capacity  of  the  main  sewers, 
a  \  in.  rainfall  in  each  24  hours  was  assumed.  Exclusive  of  heavy 
rains,  the  ordinary  flow  of  sewage  amounts  to  120  millions  of  gallons 
per  day.  In  dry  weather  the  discharge  is  made  only  for  about  two 
hours  after  high-water,  but  the  ramifications  of  the  sewers  are  so 
complete,  and  the  rain-water  finds  its  way  to  the  outfall  so  quickly, 
that  the  main  sewers  have  proved  to  be  not  large  enough  to  store 
the  water  between  the  tides,  and  when  there  is  more  than  a  slight 
ramfall  the  discharge  into  the  Thames  becomes  of  necessity  more  or 
less  continuous.  Moreover,  with  heavy  rains  the  pumping  power  is 
insufficient,  and  the  safety-outlets  which  have  been  provided  from  the 
local  sewers  into  the  old  river  outfalls  are  called  into  use,  though  of 
course  the  discharge  from  them  is  at  such  times  much  diluted.  The 
river,  in  its  course  through  the  metropolis,  was  greatly  purified,  and 
where  foul  odours  and  offensive  mud-banks  formerly  prevailed,  the 
only  impurities  are  those  from  shipping  and  small  local  drainage 
along  the  riverside  which  cannot  be  avoided ;  and  the  banks  at  low 
water  exhibit  an  almost  clean  shingly  beach.  But  it  was  found  that 
the  sewage  matter  floated  up  and  down  with  the  tide,  taking  many 
days  to  reach  the  sea,  and  that  during  that  time  much  of  it  is  deposited 
on  the  bed  and  sides  of  the  river.  If  this  deposit  occurred  only  below 
the  outfalls,  constant  or  periodical  dredging  would  probably  be  the 
cheapest  remedy  until  an  increasing  riverside  population  rendered 
such  means  ineffectual ;  but  it  was  found  that  the  sewage  matter  is 
carried  by  successive  tides  up  the  stream;  and  it  proved  also  a 
nuisance  to  the  inhabitants  on  the  river  banks  between  London  and 
the  outfalls.  While,  therefore,  the  constr  jction  of  the  main  sewers 
may  be  considered  as  a  great  work  admirably  executed,  the  method 
of  disposing  of  the  sewage  was  not  entirely  successful ;  and  about 
1886  steps  were  taken  to  amend  it  The  proper  remedy  would  pro- 
bably have  been  found  in  the  extension  to  the  sea  of  the  main  sewers, 
which  would  discharge  their  contents,  either  directly  into  the  sea  or 
on  to  the  large  area  of  waste  and  sandy  shore  which  the  estuary  of 
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the  Thames  presents.  But  as  a  cheaper  alternative,  the  sewage  has 
received  a  preliminary  chemical  treatment  at  the  present  outfalls, 
with  the  idea  that  only  a  sufficiently-purified  effluent  should  reach 
the  stream.  Somewhat  the  same  method  was  successfully  adopted 
See  page  7JX.  as  at  Rio  de  Janeiro.  The  settled  sludge  in  the  London  case  ranges 
from  2000  to  3000  tons  daily,  and  it  having  been  found  impossible  to 
dispose  of  this  for  manure,  even  by  giving  it  gratuitously,  the  plan 
was  tried  in  1888,  and  has  since  been  continued,  of  conveying  the 
sludge  to  sea  in  steamers  of  about  1500  tons  burden,  and  discharging 
it  in  deep  water.  As  the  number  of  houses  and  population  increase, 
this  method  also  is  likely  to  prove  insufficient,  and  the  sewage  itself 
will  have  to  be  taken  to  the  sea.  The  road  detritus  is  one  of  the 
difficulties  in  the  dealing  with  London  sewage,  for  as  most  of  the 
Deposit  streets  are  paved  or  macadamised  with  granite,  the  quantity  washed 
into  the  sewers  is  very  great,  and  notwithstanding  the  precautions 
(already  involving  trouble  and  expense)  at  the  outfalls,  much  of  it 
passes  into  the  river  and  sinks  to  the  bottom ;  and  although  the  scour 
of  the  current  keeps  the  main  channel  clear,  banks  arc  formed  which 

Involves  dredging  have  to  be  removed  by  dredging.     The  amount  of  London  sewage 

to  be  dealt  with  is  so  great,  that  discrimination  is  needed  in  rejecting 

London  not  a  fair  the  outfall  System  as  inapplicable  to  other  places.     But  where  no 

precedent.  ,  •*  '^  "^  ,  ^ 

nver  of  sufficient  volume  (in  proportion  to  the  sewage)  is  available, 
Seepage  2x7.      method  c  OX  d  must  be  resorted  to. 
Sewage  (r)  Sewage  irrigation  has  been  attempted  in  many  ways,  and  if 

looked  at  only  as  a  means  of  riddance,  the  experience  gained  since 
1850  with  the  sewage  of  English  towns  proves  that  in  the  majority  of 
cases  such  a  method  either  by  itself  or  when  allied  with  other  means 
may  be  adopted.     When,  however,  the  pecuniary  results  are  invesii- 
Profit  cannot  be  gated,  it  is  found  that  only  in  rare  cases,  where  there  is  a  combination 
obtained.        ^^  favourable  circumstances,  does  the  use  of  the  sewage  as  manure 
repay  the  cost ;  and  even  where  the  farmer  may  use  the  sewage  pro- 
fitably, the  question  is,  for  the  town  or  municipality,  narrowed  to  a 
calculation  of  the  annual  expenditure  which  must  be  incurred ;  the 
Favourable       least  favourable  cases  showing  that  some  other  and  less  expensive 

circumstances  ...  ,  .   i_  a      ^    j        ^-.1  •  , 

enumerated,  manner  of  disposal  must  be  adopted.  1  he  circumstances  that  are 
favourable  to  a  profitable  use  of  sewage  as  manure  are  the  following : 
the  contiguity  of  agricultural  land  or  waste  land  that  can  be  fertilised, 
Levels.  a^d  facilities  for  conveying  the  sewage ;  such  a  level  and  position  of 
the  land  in  regard  to  the  town  and  to  the  line  of  sewer,  that  the 
sewage   can   be   brought,  without  pumping,  to  the  site,  and  that 
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it  will,  without  being  artificially   raised,    flow    on    to    the    land, 

which  must  be  so  situated  that  it  can  be  under-drained  or  possess 

a    natural    under  -  drainage    of   from    4    to    6    feet   deep.      The 

price  or  rental  of   the   land,  and   the   expense  of  preparing  or  Price  or  rental  of 

laying  it  out  to  receive  the  sewage,  must  be  moderate.     There  is 

often  a  great  prejudice  against  selling  or  letting  land  for  sewage 

irrigation,  and  prices  or  rents  are  demanded  far  in  excess  of  its 

agricultural  value ;    and  if,   for    any   reason,   it  is  impossible  to 

acquire  at  a  reasonable  price  a  sufficient  area  in  the  vicinity  of  the 

town,  it  becomes  necessary  to  carry  the  sewage  long    distances. 

Unless  there  be  a  falling  gradient  along  Ihe  line  of  sewer,  one  or 

more  pumping-stations  are  required,  and  an  annual  expenditure,  as  Pumping-atations. 

well  as  an  increased  capital  outlay,  is  incurred.    Liabilities  of  this  kind 

are  among  the  various  causes  for  the  great  and  unremunerative  outlay 

sometimes  incurred  by  municipal  and  sanitary  authorities  on  sewage 

farms.     The  expenses  of  laying  out  or  adapting  lands  are  also  some-      Expenaea  of 

.X.     A  •     •      *•  u  A  u  r  adaptfng  the  land. 

times  a  great  burden  on  irrigation  schemes.     As  much  as  £^200  per   ste aUopage  181. 

acre  has  been  expended  in  cases  where  £^\o  per  acre  is  all  that 

could  properly  have   been   afforded.      On  the  other  hand,  there 

may  be  cases  where,  owing  to  the  limited  quantity  of  land  available 

(and  other  methods  of  sewage   disposal   being  more   costly),  an 

elaborate  preparation  of  the  land  as  a  filter-bed  may  be  the  best       FUter-bed. 

means  left  to  adopt. 

The  quantity  of  land  required  for  the  sewage  of  a  certain  popula-  Quantity  of  land 
tion  varies  according  to  the  quantity  and  kind  of  sewage,  and  the 
character  of  the  soil.      The  quantity  of  sewage  depends  upon  the 
water-supply  and  the  rainfall,  and  is  in  English  towns  generally  some  set  Watkr-works, 
amount  between  20  and  70  gallons  per  head  per  day,  30  gallons        /«^aox. 
being  a  fair  average ;  the  larger  the  quantity  the  greater  of  course  the 
dilution.     If  the  land  be  calculated  according  to  the  necessities  of 
agriculture — ^as  for  com  or  ordinary  grass — one  acre  would  not  re- 
quire as  an  average  daily  supply  more  than  2,000  gallons  of  sewage ;  caiiona  of  aewa^e 
for  in  English  towns  where  modern  systems  of  sewage-irrigation  have        ^^  **^"* 
been  tried  with  a  view  to  obtaining  a  farmer's  profit,  an  average  of 
one  acre  of  land  for  sixty  of  the  population  has  been  found  requisite ; 
but  where  purification  of  the  sewage  is  the  sole  object  in  view,  and 
where  the  sewage  is  subjected  to  preliminary  treatment,  the  same 
area  will,  under  favourable  conditions  and  proper  management,  serve 
for  a  much  larger  population. 

Vegetable  produce  has  generally  a  high  value  in  the  vicinity  of  Crops  suited  for 
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large  towns,  and  sewage  has  been  successfully  applied  to  mangold- 
wurzel,  osiers,  and  Italian  rye-grass ;  but  in  the  majority  of  cases  the 
latter  has  been  found  to  be  the  crop  most  easily  obtained,  and  the 
one  least  liable  to  injury  by  sewage  in  large  quantities. 

The  value  of  crude  sewage  as  manure  depends  mainly  on  its 
degree  of  dilution,  and  in  England  the  average  value  set  upon  it 
(if  the  best  Peruvian  guano  and  the  superior  kinds  of  phosphates 
be  taken  as  standards  of  value)  has  varied  from  id,  to  3//.  per  ton 
delivered  on  to  the  land  to  be  irrigated.  Later  experiments  diminish 
even  this  estimate  of  value,  for  it  has  been  found  that  of  the  nitrogen 
which  (as  in  guano)  is  the  principal  fertilising  ingredient  contained 
in  the  sewage,  at  least  50  per  cent  passes  away  in  the  effluent  water 
unabsorbed  by  land  or  crops  after  the  sewage  has  filtered  through 
the  soil.  If  in  England  such  are  the  pecuniary  conditions,  they 
must  be  less  favourable  in  those  foreign  countries  where  agricultural 
land  is  less  dependent  on  manure,  and  where  crops  have  a  lower 
value;  while,  on  the  other  hand,  of  course,  there  may  be  cases 
where  there  is  barren  land  near  a  town  which,  by  sewage-irrigation, 
may  be  rendered  fertile. 

The  advocates  of  land-irrigation  recommend  as  a  remedy  for  the 
depreciation  in  value  caused  by  extreme  dilution  of  sewage,  the 
keeping  of  the  domestic  or  richer  sewage  separate  from  the  ordinary 
drainage  of  the  town,  either  by  using  the  "dry  earth"  or  "pail" 
methods,  or  by  providing  separate  systems  of  sewers.  The  former 
methods,  while  applicable  in  villages  and  places  with  contiguous 
agricultural  land  or  even — under  elaborate  management — in  towns, 
is,  as  has  been  said,  not  the  best  suited  for  general  adoption  in 
crowded  localities  provided  with  a  regular  water-supply.  There  is 
much  to  be  said  both  for  and  against  the  duplicate-sewer  system. 
For  the  sewage  alone,  conduits  may  be  made  only  of  a  size  suited  for 
their  everyday  duty,  and  not,  as  in  the  "common  sewer"  system, 
large  enough  for  the  maximum  flood  waters,  which  may  but  rarely 
occur :  where  pumping  is  necessary  for  raising  the  irrigating-sewage, 
a  much  less  quantity  would  have  to  be  raised.  The  sewers  thus 
reduced  would  afford  much  less  space  as  "  gas-holders "  for  storing 
foul  odours,  and  also  would  demand  very  much  less  water  for  flushing 
— a  circumstance  of  particular  value  in  towns  not  provided  with  a 
regular  water  supply.  On  the  other  hand,  the  duplicate  system  is 
much  more  costly,  and  there  still  remains  the  question  of  the  ultimate 
disposing  of  the  rain-water  with  the  street  impurities.     For  the  street 
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scourings  contain  the  worst  of  the  sewage,  especially  in  towns  where 
house  slops  are  emptied  directly  or  through  gullies  into  the  street 
gutters ;  the  character  of  such  gutter  sewage  being  at  its  worst  during 
and  immediately  after  dry  weather,  before  heavy  rains  have  flushed 
the  gutters.     In  tropical  climates  it  is  impossible  to  provide  for  the     sewen  cannot 

,  •        •      .1  J'  A  •  •        ^>       t  •  /•       •       take  heavy  rains. 

heavy  rams  m  the  ordinary  sewers.    A  provision  for  \  m.  of  ram 

per  day  is  generally  considered  sufficient  in  England,  but  in  some 

parts  of  India  12  in.  of  rain  will  sometimes  fall  in  a  day,  and  even    Rainfall  in  India. 

3  in.  in  an  hour.     In  cases  of  this  sort  the  street  channels  and  water     SetaUopagMZi. 

courses  must  be  arranged  so  as  to  give  an  uninterrupted  flow  to  the 

rivers  without  flooding  either  streets  or  houses. 

A  compromise  between  the  alternative  plans  of  common  and  sewage  partially 
duplicate  sewers  has  been  tried  with  success  in  some  English  towns,  ^•^'^' 
and  where  there  is  an  opportunity — as  when  a  new  sewerage  system 
is  being  devised — of  suitably  arranging  the  works,  it  bids  fair  to  be 
a  solution  of  this  particular  question.  According  to*  this  plan,  the 
street  gutters  are  allowed  to  empty  into  the  common  sewers  during 
periods  of  dry  weather  and  moderate  rains,  for  at  such  times  the 
gutter-sewage  has  as  much  manurial  value  as  the  domestic  sewage, 
and  for  this  reason  is  as  ill-suited  for  free  discharge  into  a  river. 
But  at  each  point  of  junction  with  the  sewers  there  is  a  **  leaping  Leaping-weir«  for 

,y  .  g,  Street  drainage. 

weir,"  so  arranged  that  while  a  moderate  flow  from  the  gutters  falls 

vertically  into  the  common  sewer,  storm  water  rushing  quickly  leaps 

the  weir,  and  is  taken  away  in  a  separate  conduit    As,  when  such 

a  time  arrives,  the  streets  and  gutters  will  have  been  already  scoured 

of  their  worst  impurities,  the  surface  drainage  may  be  conducted 

directly  into  a  river  to  which  the  admission  of  ordinary  sewage 

might  be  forbidden,  and  which  in  a  time  of  flood  may  be  in  such  a 

condition  from  ordinary  land  drainage,  that  the  street  overflow  will       ^obtainSJ** 

have  no  appreciable  efliect  upon  it ;  the  common  sewers  need  be  (in 

a  climate  like  England,  where  provision  for  rain-water  is  two-thirds  of 

the  whole)  but  of  small  capacity  \  and  the  richer  sewage  used  for 

irrigating  land  is  then  no  longer  weakened  by  dilution,  or  rendered 

formidable  in  bulk  for  pumping. 

The  pecuniary  results  of  sewage-irrigation  have  been  almost  Pecuniary  result* 
always  unfavourable  to  the  town  authorities  who  have  had  to  get  rid  sewage-irrigation, 
of  the  sewage,  for  where  it  is  oflered  for  sale,  the  interests  of  the 
fanner  and.  the  municipality  in  regard  to  the  periods  or  continuance 
of  the  sewage-discharge  do  not  accord ;   while,  if  the  municipality 
themselves  own  and  till  the  land,  the  many  difficulties  which  attend 
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the  undertaking  (especially  under  corporate  management)  hardly 
ever  allow  interest  to  be  earned  on  the  capital  outlay,  and  generally 
result  in  a  deficit  Expense  in  the  disposal  of  sewage  must,  in  short, 
be  looked  upon  as  necessary,  in  fact,  as  a  tribute  paid  to  health  and 
decency,  and  in  inland  towns  where  no  sea  or  river  is  available 
for  receiving  the  crude  sewage,  nothing  remains  but  to  choose  from 
systems  ^  and  ^  the  one  which  is  for  the  particular  case  in  view  the 
least  troublesome  and  expensive. 

Although  in  the  application  of  crude  sewage  to  land  its  value  as 
manure  has  in  most  cases  been  considered,  the  primary  or  sanitary> 
purpose  is  the  filtering  of  the  sewage  through  the  soil,  so  that  the 
effluent  water  which,  through  the  ordinary  land  drainage,  finds  its 
way  to  the  stream,  may  be  sufficiently  purified.  In  many  cases  the 
latter  purpose  is  alone  attained,  and  no  attempt  is  made  to  utilise 
the  sewage  as  manure.  This  method  may  be  expedient  in  cases 
where  the  available  land  is  limited  in  area,  and  the  maximum  amount 
of  sewage  which  the  land  will  absorb  and  filter,  rather  than  what  is 
needed  for  vegetation^  b  the  measure  of  quantity.  There  are  great 
differences  of  opinion  amongst  engineers,  chemists,  and  sewage 
farmers,  as  to  the  quantity  of  crude  sewage  which  can,  in  cases  of 
this  sort,  be  so  absorbed  or  filtered  as  to  reader  the  effluent  water 
harmless  enough  for  discharge  into  rivers.  It  has  even  been  asserted 
that  experiments  with  the  sewage  of  English  towns,  show  that  with  an 
established  water  supply — ^all  taken  with  the  surface  drainage  by  one 
common  sewer — from  four  to  six  gallons  of  the  sewage  thus  diluted 
may  each  twenty-four  hours  be  purified  by  a  cubic  yard  of  soil, 
according  to  its  kind ;  so  that  if  an  average  of  ^"v^  gallons  be  taken, 
with  soil  available  to  a  depth  of  six  feet,  one  acre  (4,840  square  yards 
or  9,680  cubic  yards)  will  suffice  for  48,000  gallons;  or,  assuming  40 
gallons  per  head  of  population,  for  the  sewage  of  about  1,200  persons. 
But  although  results  like  these  may  be  deduced  from  experiments 
under  favourable  circumstances,  probably  not  a  fourth  part  of  these 
quantities  could  be  permanently  treated,  for  the  soil  would  either 
become  choked  and  unfit  for  further  service,  or  the  effluent  be  but 
slightly  purified.  If,  however,  the  ground  be  elaborately  prepared 
as  a  fiUer  bed,  and  regularly  cleansed  and  renovated,  such  a  method 
belongs  to  another  categor}',  and  must  be  dealt  with  accordingly. 
Summarily  it  may  be  said  that  to  effectually  purify  crude  sewage  by 
using  it  in  irrigation,  a  larger  quantity  of  land  is  required  than  is 
generally  to  be  obtained  in  the  vicinity  of  large  towns ;  that  a  smaller 
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quantity  of  land  may  be  made  to  suffice  if  the  sewage  has  already 
been  chemically  treated,  or  if  only  partial  purification,  preparatory 
to  a  discharge  into  a  sea  or  tidal  river,  is  in  view;  and  that  the 
combination  of  methods  c  and  d  is  in  most  cases  the  best  solution  of 
the  difficulty.  The  sewage-irrigation  works  in  the  vicinity  of  Paris 
afford  an  example  of  how  a  large  amount  of  city  sewage  can  be 
applied  to  land,  but  the  example  is  not  one  which  could  often  be 
followed  with  advantage. 

{d)  The  treatment  of  seivage  by  Chemicals  has  been  tried  in  various 
ways,  some  simple  and  clieap  and  others  complicated  and  expensive ; 
but  the  general  results,  like  those  of  sewage  irrigation,  have  proved 
that,  however  necessary  and  effectual  for  sanitary  purposes,  these 
plans  are  not  successful  as  sources  of  profit  The  numerous  attempts 
to  show  profits  from  such  methods  have  not  only  proved  fallacious, 
but  have  done  much  to  discredit  chemical  treatment  altogether.  All 
the  chemical  processes  which  have  been  applied  to  sewage  have  for 
their  common  object  the  precipitation  of  the  suspended  particles,  but 
they  differ  very  much  in  the  process,  and  in  the  further  effects  which 
are  sought  If  in  districts  remote  from  habitations  sufficient  space 
were  available  for  depositing-tanks,  the  suspended  particles  of  sewage 
might  be  separated  without  any  chemical  process,  and  the  earliest 
and  simplest  of  the  chemical  methods  which  is  still  in  use  in  certain 
towns — that  of  treatment  by  lime — has  only  the  object  of  precipitating 
the  suspended  solid  matters  more  quickly  and  effectually  than  by  mere 
subsidence.  The  lime-treatment  has,  however,  many  disadvantages, 
which  render  it  quite  unfit  for  any  but  rare  and  special  cases.  Lime 
is  so  absorbent  as  to  increase  greatly  in  bulk,  and  it  adds  to  the 
amount  of  sludge  precipitated ;  the  effluent,  though  freed  from  much 
solid  matter,  is  but  slightly  purified,  and  undergoes  a  further  or 
second  decomposition  in  the  river  to  which  it  flows ;  and  the  residual 
sludge,  which  has  no  saleable  value  as  manure,  is  a  putrescible  mud 
of  so  offensive  a  kind  that  there  is  great  difficulty  in  getting  rid  of  it. 
Were  it  not  for  this  latter  circumstance,  lime  precipitation  might  be 
serviceable  in  some  cases,  where  lime  is  cheap  and  other  materials 
dear,  as  a  preliminary  to  land-filtration,  or  to  the  discharge  of 
the  effluent  into  the  sea.  But  unless  there  is  ample  waste  land 
immediately  adjoining  the  precipitating-tanks,  so  that  the  sludge  can 
be  at  once  buried,  the  mischiefs  of  the  sewage  are  intensified  in  the 
sludge,  and  there  is  no  longer  the  water-carriage  for  its  removal. 

The  more  elaborate  chemical  methods  are  directed  towards  the 
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better  purifying  of  the  effluent,  and  the  deodorising  of  the  sludge ; 
the  disposal  of  the  latter  being  the  main  difficulty.  A  combination 
of  lime  with  sulphate  of  alumina  is  probably  one  of  the  most 
effectual  of  the  compounds  which  have  been  proved  by  sufficient 
experience.  The  effluent  from  sewage  so  treated,  though  apparently 
pure  to  sight  and  smell,  contains  a  certain  proportion  of  soluble 
matter  valuable  as  manure,  so  that  it  is  suitable  for  land-irrigation, 
and  the  effluent  after  being  thus  filtered  may  be  discharged  into 
rivers  without  increasing  the  proportion  of  impurities  which  they 
already  carry  from  the  ordinary  land  drainage.  These  chemical 
processes  find  their  best  application  as  preliminary  to  such  filtration, 
or  to  discharge  into  the  sea.  As  instances,  Coventry  in  England 
and  Rio  de  Janeiro  in  Brazil  may  be  cited.  In  the  former  case,  the 
effluent  from  the  sewage  of  40,000  persons,  containing  a  large 
amoimt  of  manufacturing  impurities,  after  the  precipitation  process 
and  filtration  through  nine  acres  of  land,  flows  harmlessly  into  a 
small  inland  river.  The  sludge  is  inoffensive,  and,  as  manure,  is 
worth  when  dry  the  cost  of  cartage  on  to  land.  The  drainage  of  Rio, 
which  has  a  population  of  about  400,000,  affords  a  rare  example  of 
works  devised  and  successfully  carried  out  in  a  Jarge  city,  previously 
without  any  kind  of  sewers  or  sanitary  arrangements.  Situated  only 
a  few  feet  above  the  sea  level,  the  city  is  surrounded  on  three  sides 
by  a  land-locked  bay,  having  little  flow  of  tide,  and  the  soil  was 
saturated  almost  to  within  a  foot  of  the  surface.  The  filth  from  the 
houses  and  streets  was  emptied  at  night  on  the  beach;  epidemics 
were  of  frequent  occurrence ;   and  the  death-rate  was  a  high  one. 

Method  described.  By  the  new  works  every  house  is  drained  into  the  sewers,  which 

carry  also  a  portion  of  the  rain-water  (that  from  the  backyards  and 
housetops),  and  the  sewage,  after  being  lifted  by  steam-pumps,  is 
chemically  treated  in  large  precipitating-tanks  by  lime,  alum,  and 
charcoal.     There  is  no  land  available  for  after-filtration,  but  the 

Rioaewage-worka.  effluent  is  passed  through  a  filter  of  stones  and  gravel,  and  flows  into 

the  sea.  Although  the  works  are  situated  in  the  heart. of  the  city, 
and  notwithstanding  the  absence  of  a  proper  water  supply,  the 
sewage  is  so  thoroughly  deodorised  that  no  nuisance  arises  from  any 
part  of  the  process,  nor  from  the  sludge,  which  (no  agricultural  land 
being  available)  is  deposited  on  waste  land  in  the  vicinity  of  the  city. 
One  important  benefit  derived  from  these  works  is  that  the  level  of 
the  water  in  the  hitherto-saturated  soil  has  been  lowered.  This 
system  has  been  in  operation  since  1863  in  the  city  proper,  and  was 
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afterwards  extended  to  the  suburbs.  The  cost  of  the  process,  and  of 
the  entire  drainage  operations,  both  at  Coventry  and  Rio,  does  not 
reach  two  shillings  per  head  of  population  per  annum,  exclusive  of 
interest  on  capital  outlay.  In  regard  to  interest,  the  Rio  scheme  was 
established  on  terms  which  should  be  profitable  to  the  capitalist  as 
well  as  advantageous  to  the  city.  But  as  the  drainage-rate  levied  on 
the  inhabitants  is  payable  in  local  currency,  the  great  fall  in  exchange 
after  1890  reduced  the  net  revenue  which  could  be  remitted  in  gold. 

In  some  respects  the  drainage  of  Calcutta  resembles  that  of  Rio, 
and  the  results  are  even  more  beneficial.  The  city  is  situated  on  a 
level  only  a  few  feet  above  the  sea,  and  was  formerly  so  swampy 
and  filthy  that  fever  and  cholera  were  hardly  ever  absent,  and  the 
death-rate  was  conspicuously  high.  The  alteration  and  improve- 
ments that  have  been  obtained  in  Calcutta  from  well-designed 
sanitary  works,  carried  out  under  peculiar  difficulties,  afford  one  of 
the  most  notable  instances  of  benefits  so  obtained  which  can  be 
found  in  modern  times. 

Still  more  elaborate  chemical  processes  have  in  view  the  giving  of 
an  increased  value  to  the  sludge  as  manure,  or  the  more  complete 
purification  of  the  effluent ;  the  former  result  being  sought  either  as 
a  distinct  source  of  profit,  or,  as  is  more  often  the  case,  to  recoup 
the  outlay  for  purification.  The  attempted  combination  of  sanitary 
purification  with  a  commercial  profit  has  in  many  cases  caused  the 
failure  in  both  respects.  If  a  high  standard  of  purity  in  the  effluent 
water  be  demanded,  and  if  it  be  very  difficult  or  expensive  to  obtain 
land  for  filtration,  then  the  outlay  for  elaborate  chemical  processes 
may  be  justified ;  but  (he  most  that  can  then  be  hoped  for  is  that 
some  of  the  outlay  may  be  recouped  by  the  sale  of  the  sludge  as 
manure ;  failure  always  attending  the  attempt  to  earn  a  surplus  profit. 
By  using  chemical  ingredients  which  themselves  are  effectual  as 
fertilisers,  the  sewage  sludge  may  be  converted  into  artificial  manure, 
the  value  of  which  increases  in  precise  ratio  (less  the  expense  of 
waste  and  error  in  the  process)  to  the  cost  of  the  ingredients  used. 
The  higher  the  value  obtained,  the  greater  will  be  the  loss  in 
obtaining  it;  but  it  may  sometimes  be  expedient  to  enrich  the 
sludge  to  a  small  extent  to  induce  farmers  to  take  it,  and  to  give  it 
a  value  which  will  then  bear  the  expense  of  carriage.  Sewage  sludge 
may  be  burnt  into  cement,  and  where  there  is  a  demand  for  such 
material,  the  cost  of  so  treating  it  may  be  repaid. 

The  Cost  of  town-drainage  works  must  obviously  vary  within  very 
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wide  limits,  according  to  the  nature  of  the  works  required,  and  the 
thoroughness  with  which  they  are  carried  out.  The  capital  outlay 
has  not  alone  to  be  considered;  and  a  comparison  of  the  cost  of 
works  in  various  towns  is  incomplete,  unless  the  annual  expenditure 
for  working  and  maintenance  be  also  reckoned.  In  a  gravitation 
scheme  where  the  sewage  flows  directly  on  to  the  land,  or  into 
a  sea  or  river,  the  cost  for  maintenance  need  be  but  small;  but 
where  pumping-stations  are  required,  or  processes  of  precipitation, 
deodorising,  or  other  treatment  carried  on,  the  annual  charges  may 
be  considerable.  In  London,  the  cost  of  the  main-drainage  works 
and  pumping-stations  was  four  millions,  or  about  j£i  per  head  for  the 
population  benefited.  The  annual  cost  of  working  and  maintenance 
was  in  1880  about  is.  per  head  of  population.  In  England,  it  may 
be  said  generally  that  the  larger  number  of  modem  drainage-works 
have  been  carried  out  at  some  cost  between  15^.  and  25J.  per  head 
of  population ;  and  the  annual  expenditure  in  any  but  ill-managed 
or  peculiarly  difficult  cases,  is  some  amount  between  one  and  two 
shillings  per  head,  exclusive  of  interest  on  capital.  This  cost  does 
not  include  the  removal  of  ashpit  refuse  and  garbage. 

The  expediency  of  providing  for  a  growth  of  population  must 
obviously  depend  upon  the  probabilities  of  increase,  and  the  com- 
parative cost — according  to  the  nature  of  the  scheme — of  constructing 
large  works  at  the  commencement,  or  of  adding  to  them  afterwards. 
As  in  constructing  long  lines  of  main  sewer  it  is  the  intention  to 
intercept  all  the  sewage  of  the  district  traversed,  it  is  almost  always 
expedient  to  allow  for  a  growth  of  population  and  increase  of  houses ; 
the  additions  to  be  provided  for  being  measured  not  only  by  the 
water-supply  which  such  additions  will  carry  off,  but  the  additional 
rainfall  or  storm-water  which  new  ramifications  of  sewers  will  bring 
into  the  arterial  sewer.  But  as  population  increases,  so  will  the  area 
of  rateable  property,  and  the  capital  to  be  paid  off  will  annually 
diminish.  In  some  cases,  one  system  of  drainage  may  be  made  to 
include  numerous  towns  or  villages ;  the  expediency  of  such  a  course 
depending  mainly  on  whether  the  levels  are  favourable  to  lines  of 
arterial  sewer  and  one  common  outfall.  Villages  or  towns  situated 
along  the  same  valley  may  be  thus  conjoined,  and  provision  may  be 
made  in  the  capacity  of  the  main  sewer  for  intercepting  the  drainage 
of  new  districts  which  may  be  afterwards  added. 

A  proper  scheme  for  town  drainage  can  only  be  made  after 
careful  survey  and  examination  by  competent  engineers.      But  to 
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assist  an  engineer  in  advising  as  to  the  best  methods,  and  contractors 
in  estimating  cost,  information  of  the  kind  described  in  the  following 
pages  must  be  supplied;  and  according  as  the  information  is  full 
and  correct,  so  probably  will  the  designs  and  estimates  be  complete 
and  trustworthy.  In  few  cases,  however,  will  an  engineer  complete 
his  schemes,  or  a  contractor  bind  himself  to  an  exact  amount, 
until  the  conclusions  arrived  at  have  been  verified  at  the  site.  The 
information  needed  is  as  follows :  — 

I.  A  Plan  of  the  town  on  as  large  a  scale  as  possible,  showing 
the  area  to  be  drained,  the  main  and  cross  streets,  and  the  lines  of 
houses ;  and  with  references  to  the  character  of  the  soil  and  subsoil 
at  all  points.  The  levels  of  the  different  parts  of  the  town  as  relating 
to  some  datum  line  should  be  marked  on  the  plan,  especially  (if 
there  be  a  river)  down-stream ;  and  sections  at  various  places  should 
be  given,  by  which  the  gradients  of  the  streets  and  the  contour  of 
the  slopes  may  be  understood.  Upon  the  plan  should  be  marked 
the  streets,  or  other  lines  of  route,  which  are  presumably  the  best 
suited  for  the  main  or  arterial  sewers.  The  proposed  outfall  for  the 
sewer,  if  in  or  near  the  town,  should  be  marked  on  the  plan ;  but 
if  at  some  distance,  a  map  (if  necessary,  on  a  smaller  scale)  should  be 
furnished,  on  which  the  outfall  and  routes  to  it,  with  their  levels  and 
gradients,  are  indicated, 

3.  If  the  Sea  is  available  as  a  receptacle,  the  coast-line  must  be 
shown  on  the  plan,  with  the  places  which  appear  most  suitable  for 
the  outfall ;  the  slope  of  the  shore  at  these  points,  and  the  nature  of 
the  beach  and  sea-bed,  being  carefully  described.  Shoals  or  banks 
likely  to  be  affected,  or  to  obstruct  the  flow  of  sewage,  must  also  be 
shown.  The  different  levels  of  tide  should  be  indicated  (including 
extraordinary  tides),  the  force  and  direction  of  prevailing  winds  and 
currents,  and  the  direction — as  ascertained  by  floats — ^which  liquid 
or  solid  matters  discharged  into  the  sea  will  take  during  different 
winds  or  tides.  Any  existing  sewage-outfalls  should  be  indicated  on 
the  plan,  and  the  past  general  results  described. 

3.  If  the  sewage  is  to  be  discharged  into  a  River^  information 
should  be  given  as  to  the  volume  of  water,  and  the  various  levels 
of  tide  or  flood,  in  reference  to  the  level  of  the  town  or  district 
to  be  drained;  the  strength  or  speed  of  the  current  at  and  for 
some  miles  below  the  town ;  and  whether,  and  at  what  places,  the 
river  water  is  taken  for  drinking  purposes.  The  slopes  and  material 
of  the  banks  and  river-bed,  as  shown  by  cross-sections,  should  be 
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furnished,  together  with  particulars  of  sites  suitable  for  sewer-outfall 
or  pumping  stations. 

4.  The  number  of  the  Population^  with  statistics  of  the  past, 
present,  and  probable  future  rate  of  increase.  The  relative  density 
of  the  population  in  the  different  quarters  of  the  town:  the 
approximate  total  rental  value  of  the  houses:  the  rent  generally 
paid  fpr  the  different  types  of  houses:  and  the  rateable  value  of 
the  district  to  be  drained. 

5.  The  Existing  methods  of  house  drainage,  and  the  means  used 
for  the  removal  and  disposal  of  sewage,  and  for  removing  refuse  from 
houses,  streets,  factories,  markets,  and  abattoirs,  should  be  carefully 
described ;  and  drawings  furnished  giving  in  detail  examples  of  one 
or  more  types  of  houses,  with  their  domestic  sewage  arrangements. 
A  description  should  be  furnished  of  any  manufacturers'  or  trade 
refuse  which  may  form  part  of  the  sewage  to  be  dealt  with.  If 
destruction  by  Fire  is  proposed,  the  following  particulars  are  needed 
as  a  basis  for  a  proper  scheme : — 

The  quantity  of  refuse  to  be  destroyed  per  day,  and  a  mechanical 
analysis  of  it  as  obtained  by  sorting  and  evaporation ;  whether  the 
estimate  is  to  include  buildings  and  approach  roads,  or  only  iron- 
work that  can  be  exported ;  whether  there  is  any  use  by  boilers,  or 
otherwise,  for  the  waste  heat.  If  the  population  exceeds  100,000, 
the  question  must  be  settled  as  to  whether  more  than  one  locality  is 
to  be  furnished  with  a  destructor,  and  a  plan  of  each  available  site 
should  be  supplied. 

6.  If  Sewers  already  exist  they  should  be  described,  with  their 
size,  shape,  and  the  materials  of  which  they  are  made ;  the  fall  at 
which  they  are  laid;  whether  the  sewers  are  ventilated,  and  if  so, 
how ;  whether  they  receive  surface  water  and  road  grit ;  whether 
the  presence  of  road  material,  such  as  sand  or  grit,  in  the  sewer  has 
already  caused  trouble ;  whether  the  town  is  paved — if  so,  how,  and 
how  much  of  it  j  if  not  paved,  the  material  of  which  the  roads  are 
composed ;  the  stratum  of  the  streets  for  trenching. 

7.  The  nature,  amount,  and  source  of  the  Water-supply^  and  the 
depth  below  the  surface  at  which  water  is  reached  in  the  town  and 
in  the  neighbouring  country  of  lower  altitude.  If  water-works  are 
established,  whether  the  supply  is  constant  or  intermittent ;  and  what 
is  the  quantity  supplied  per  day  for  domestic,  trade,  and  municipal 
purposes.  Existing  water  or  gas  pipes  in  the  streets  should  be 
indicated   on    the   plan   of  the   town.     The  amount  of  rainfall  at 
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different  seasons  of  the  year  should  be  given  if  possible,  and  the 
maximum  known  fall  in  twenty-four  hours  and  in  one  hour,  and  full 
information  generally  concerning  the  effect  of  heavy  rains  which 
flood  the  streets,  and  for  which  special  provision  must  be  made  in 
the  sewers  and  outfalL  If  there  be  dry  and  rainy  seasons,  any 
existing  systems  of  storage  should  be  described. 

8.  The  immediate  Rcasom — ^whether  injury  to  health  by  refuse 
remaining  in  close  proximity  to  houses,  or  the  pollution  of  rivers,  or 
any  other  causes — which  render  the  proposed  new  works  necessary ; 
and  also  whether  the  action  of  the  municipality  is  voluntary,  has 
been  suggested  by  the  inhabitants  or  by  promoters,  or  has  been 
guided  or  enforced  by  legislative  enactments. 

9.  Copies  of  the  StatuieSy  if  any,  under  which  the  works  have 
been  ordered,  or  under  which  they  must  be  constructed ;  and  of  any 
present  or  contemplated  bye-laws  on  sanitary  matters. 

10.  The  trades,  Occupations ^  and  habits  of  the  inhabitants  should 
be  described,  so  far  as  they  may  affect  any  scheme  of  drainage; 
whether  police  or  official  regulations  will  be  granted  to  enforce 
the  proper  use  of  new  methods ;  whether  conformity  to  such 
regulations  may  be  relied  on,  and  the  legal  remedies  which  will  be 
available. 

11.  If  the  disposal  of  the  sewage  on  land  is  contemplated,  the 
geological  formation  and  the  Nature  of  tlie  soil  in  the  vicinity  of  the 
town  should  be  described ;  whether  the  land  is  waste  or  cultivated  ; 
whether  drained,  and  if  so,  at  what  depth,  and  to  what  stream  the 
drainage  is  taken ;  the  methods  of  cultivation  in  vogue ;  the  kind 
and  rotation  of  crops ;  the  markets  at  which  they  are  sold,  and  their 
value  there;  whether  crops  of  other  kinds  which  sewage  manure 
would  assist  would  be  saleable ;  the  kind  and  value  of  the  manure 
which  is  used ;  the  price  at  which  agricultural  or  waste  land  avail- 
able for  sewage  operations  could  be  rented  or  purchased ;  the  tenure 
upon  which  it  could  be  held;  and  any  other  information  by 
which  the  possibility  and  economy  of  sewage  irrigation  might  be 
estimated. 

12.  \{  Pumping'Stations  are  contemplated,  or  artificial  methods  of 
filtration  and  purification,  they  should  be  described,  the  proposed 
sites  indicated,  the  probable  cost  or  rent  stated,  and  information 
furnished  as  to  the  kind  of  dwellings  and  class  of  inhabitants  in  the 
vicinity,  and  the  likelihood  of  opposition  to  sewage  works  on  the 
ground  of  nuisance. 


RainfiBll. 
Seepages  185,  ao6 

S*  935. 
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Materials  and 
labour. 

Seepage  74- 


Climate.  1 3.  The  nature  of  the  Climate^  and  the  extreme  temperatures  at 

different  seasons,  should  be  described. 

14.  Local  information  as  to  labour  and  building  materials  avail- 
able, including  those  for  concrete,  the  prices  at  which  lime,  cement, 
sulphuric  acid  (vitriol),  sulphate  of  alumina  (or  the  shale,  or  clay, 
from  which  this  can  be  made),  and  other  agents  for  sewage  precipita- 
tion and  deodorising  could  be  purchased. 

Finance.  15.  The  financial  conditions    under  which  it  is  proposed   to 

e«    apt,    .,     .  ^Qj^g^ryct  the  works,  the  periods  of  pajmient  or  terms  of  concession, 

and  information  generally  of  the  kinds  already  specified. 

[See  a/so  Irrigation  :  Reclamation  :  Water-works  :  Pumping- 
ENGiNES  :  Pipes  :  Portland  cement.] 


CHAPTER  XI 

GAS-WORKS. 


No  undertakings  have,  in 
Great    Britain,    been    so 
constant  ly     remunerative 
to  the  capitalist  as  gas- 
works,  and    the    growth       Orowth  of 
of  revenue  has  generally 
been  more  rapid  with  a 
gas  undertaking  than  with 
water-works,   the   average      ou-work* 
rate  of  dividend  paid  to 
investors  exceeding  that  derived  from  railways  or  any  other  public 
works.     As  the  natural  tendency  of  competition  is  to  reduce  the 
prohts  of  all  enterprises  to  a  common  level,  the  maintenance  of  high 
profits  in  ga&-works  must  be  explained  mainly  by  the  fact  that  such 
enterprises  have  to  a  large  extent  had  the  advantages  of  a  monopoly.  Monopoly  p«fl«. 
So  much  has  this  been  felt  that,  up  till  the  year  1880,  the  instances       iiunidMi 
increased  of  municipal  bodies  constructing  gas-works  or  purchasing 
from  companies  works  already  established,  with  the  intention  of 
supplying  the  gas  at  cost  price;  or  of  earning  a  profit,  and  applying 
it  to  public  purposes.      Even  since  the  introduction  of  electric  light- 
ing, well  established  gas-works  offer  a  similar,  though  a  lessened 
inducement. 

The  purchase-money  is  almost  Invariably  borrowed,  and  in  some 
instances  there  is  a  tendency  to  spread  the  periods  of  repayment  R«piym«nt  m 
over  too  many  years.  Although  in  the  case  of  sanitary  works  or 
water-works  which  will  be  of  permanent  advantage  to  the  commu- 
nity, the  transference  of  a  large  proportion  of  the  burden  of 
repayment  to  a  future  generation  may  be  justified,  a  continuance  of 
the  existing  system  of  gas-lighting  and  manufacture  cannot,  since  the 
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introduction  of  electric  lighting  and  in  an  era  of  scientific  invention, 
f5//>rt^*  118, 193.  be  looked  upon  as  certain.     Financial  Societies,  Insurance  Com- 
^^'  panies,  and  others  who — ^as  well  as  the  Public  Loan  Commissioners 

— are  the  principal  lenders  of  money  to  municipal  bodies,  would  be 
indisposed  therefore  to  advance  funds  for  the  purchase  or  con- 
struction of  gas-works,  the  revenue  from  which  is  put  forward  by  the 
Lenders  depend  borrower  as  a  Valuable  security,  were  it  not  that  the  public  rates 
the*rau8*^  °  are  also  answerable  for  the  debt;  and  it  is  the  facility  for  borrowing 
Setpagt  ao9.      ^t  a  low  rate  of  interest  whiph  this  latter  security  affords  which  is  one 
of  the  chief  inducements  to  the  municipal  authorities  to  borrow.    As, 
however,  the  public  rates  have,  in  many  cases,  been  already  deeply 
pledged  for  the  repayment  of  loans  for  sanitary  purposes,  any  failure 
in  the  gas  undertaking  might  at  a  future  day  press  heavily  on  the 
Terms  of  years    Community.      A  shorter  term  for  gas  loans  than  that  (generally 
oans.       ti^irty  years)  usual   for  the  repayment  of  other  advances,  would 
appear  to  be  the  more  prudent  course,  rather  than  the  longer  terra 
often  asked.     The  ease  with  which  money  is  borrowed  in  England 
on   the   security   of  the  rate-income,   which — within   a  very  wide 
range — can  be  increased  till  the  liabilities  be  satisfied,  must  not  be 
taken    as  a  precedent  in  places  where   there  is  no  such  latent 
security.     The  ratepayers  borrow  cheaply  because  they  run   the 
risk. 
Gas-works  owned       The  construction  and  ownership  of  gas-works  by  a  municipality 
y  munic  pa  ity.  ^^j^j^qj  ^^  justified  by  the  same  arguments  as  warrant  its  engaging  in 

such  undertakings  as  water-supply  or  sanitary  works,  which,  as  all 
imp>ortant  to  the  health  of  the  community  and  as  interfering  with 

See  Watfr-wokks,  individual  rights,   may  with   some  advantage  be   established   and 

Av'  »93-         controlled  on  the  public  behalf.     The  reasons  generally  adduced  in 

favour  of  municipal  gas  undertakings  are — ^that,  as  the  supply  of  gas 

must  almost  necessarily  be  a  monopoly,  it  may  with  advantage  be 

Reasons  in  favour  retained  in  the  hands  of  the  authorities :  that  if  the  sewers  and  water 

of  municipal  •         n-    •       t         -i 

management,     pipes  are  m  Official  hands,  so  also  should  be  the  gas  mains;   that 

better  and  purer  gas  will  be  the  primary  object  instead  of  gain  ;  that 
the  public  lighting  will  be  better  and  more  cheaply  maintained ;  and 
finally,  that  the  profits  can  be  usefully  and  legitimately  applied  to 
public  purposes.  There  is  much  force  in  these  arguments,  but  on 
the  other  side  it  may  be  said  that  the  last  three  reasons  would  apply 
to  almost  any  kind  of  manufacture ;  that  experience  does  not  re- 
Reasons  against  commend  the  management  of  manufacturing  enterprises  by  public 
goi*-works.       bodies ;  and  that  economy  and  good  management  are  better  assured 
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when  stimulated  by  the  watchfuhiess  of  private  capitalists.     It  is 
questionable,  therefore,  whether  the  interests  of  the  inhabitants  may 
not  be  better  served  by  allowing  private  capitalists  to  establish  and 
control  the  gas-works,  subject  to  strict  conditions  as  to  the  price  and 
quality  of  the  gas,  rather  than  by  involving  the  public  revenues  in  an 
uncertain  or  speculative  enterprise.     Moreover,  where  a  corporation  Risk  of  jobbery, 
obtains  profit  from  the  sale  of  gas,  there  is  sometimes  a  tendency  to 
jobbery  in  the  expenditure  of  the  funds;  for,  so  long  as  the  under- 
taking shows  a  margin  of  profit,  strict  investigation  on  behalf  of  the 
public  is  neither  likely  nor  easy,  and  an  unnecessarily  high  price  may 
be  maintained.     If  it  becomes  usual  to  look  upon  the  gas  profits  as     oas  profits  in 
a  source  of  revenue,  a  system  of  indirect  taxation  is  established, 
which,  whatever  its  apparent  advantages,  is  in   most  countries  of 
English  origin  (though  not  in  towns  accustomed  to  octroi  duties)         Octro!. 
the  introduction  of  an  entirely  new  principle  in  municipal  affairs ;       Se*pag»  17. 
especially  as  such  taxation  is  levied  not  according  to  wealth  or 
rental,  but  according  to  the  accident  of  gas  consumption.     Where, 
however,  the  gas  supply  of  a  town  is  in  the  hands  of  two  or  more 
companies  who  are  not  disposed  to  amalgamate  on  terms  favourable 
to  the  public,  the  disadvantages  of  dual  management  may  form  a  Dual  management 
special  justification  for  municipal  interference.     But  as  the  share-      ""^^•"'^We. 
holders  in  a  profitable  gas  company  will  demand  a  compensation 
beyond  the  mere  ifetum  of  their  capital,  the  municipality  will  com- 
mence operations  under  less  favourable  circumstances  than  did  the 
original  proprietors. 

A  plan   is  adopted  in  some  towns  of  dividing  in  equal  parts    Profits  divided 

with 

between  the  shareholders  of  the  gas  company  and  the  municipality     municipality, 
all  profits,  after  a  certain  dividend  has  been  paid  to  the  shareholders. 
This  arrangement  has  for  example  been  applied  in  Paris,  and  com- 
bines the  advantages  of  private  management  with  profit  to  the  public. 
The  municipality  may  justify  their  claim  to  a  share  on  the  plea  that 
it  is  only  a  fair  return  for  the  monopoly  they  have  granted,  especially 
where  they  have  given  also  facilities,  immunities,  or  guarantees.     This 
plan  is,  however,  still  open  to  the  objection  that  the  surplus  revenue     Surplus  profit 
so  divided  ought,  with  greater  justice,  to  be  applied  to  the  reduction      con1!!fmere. 
of  the  price  of  gas  to  the  consumers — ^a  principle  which  has  been       Sttpagezy^ 
satisfactorily  applied  in  London. 

In   newly-settled    and    foreign    countries    municipalities    rarely         Foreign 

flra8~  works 

undertake  the  establishment  of  gas-works,  although  by  favourable 
concessions  they  encourage  private  enterprise.     Unlike  railways  and 
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other  large  undertakings,  which  generally  require  the  combination  of 

many  capitalists,  gas-works,  especially  those  in  towns  of  moderate 

Suited  for  local   size.  Can  in  many  cases  be  constructed  wholly  or  in  great  part  by  the 

See  page  %L  money  of  local  investors,  for  whom,  indeed,  such  undertakings  are 
specially  suited.  But  in  many  foreign  towns,  although  the  under- 
taking is  one  under  their  own  eyes,  the  people  are  not  enterprising 

Outside  aid  enough,  and  outside  aid  has  to  be  sought  to  provide  some  or  all  of 
the  capital,  to  design  or  construct  the  works,  and  often  to  perform  all 
these  functions.  If  there  is  a  competent  local  engineer,  it  is  some- 
times only  necessary  to  import  the  apparatus,  and  the  works  can  be 
Cost  defrayed  by  Carried  On  without  Other  foreign  aid.     A  contractor  will  sometimes 

construct  the  works  for  deferred  payments ;  or,  with  his  own  money 

Seepage  41.      Or  that  of  Capitalists  who  assist  him,  will  take  upon  himself  the  entire 

charge  and  property  in  the  undertaking.     In  this  case,  he  and  those 

who  act  with  him  will  generally  look  for  their  profit  to  the  transfer  of 

Sale  of  gas-works  the  Undertaking^  when  in  operation   to  a  joint-stock  company :  a 

when  completed.  _      ,  ^  *^     ,  ,  \  ,  /       , 

perfectly  proper  arrangement,  though  sometimes  such  transfers  have 
been  discredited  by  the  excessive  profits  that  the  price  has  included. 
There  are  many  investors  who,  while  unwilling  to  assist  in  the 
earlier  and  uncertain  stages  of  an  enterprise,  will  join  it  when  they 
Profits  gained  by  see  it  eaminfiT  revenue :  and,  in  such  cases,  the  more  venturous 

sale  Oi  wrorks  \j  *  ' 

contractor  will  reap  a  legitimate  profit  by  selling  the  gas-works  to  the 
company  at  an  enhanced  price ;  that  is  to  say,  for  a  sum  higher  than 
that  for  which  he  would  have  been  willing  to  execute  the  works  if 
punctual  payments  in  money  had  been  secured  to  him  during 
construction.  As  the  ultimate  value  of  the  gas-works  will  depend 
upon  the  net  revenue  they  produce,  and  on  the  proportion  which 
this  bears  to  the  capital  invested,  the  speculative  contractors  or 
Oas-works  owned  capitalists  who  provide  the  money,  will — if  they  are  acting  fairly — 

by  contractors. 

only  do  so  after  assuring  themselves  that  the  conditions  are  such  as 
afford  reasonable  hope  of  sufficient  profit.  In  not  a  few  cases,  both 
in  England  and  abroad,  gas-works  are  permanently  held  by  the 
contractors  who  made  them,  and  who  by  themselves,  or  with  their 

See  Chapter  II,     friends,  are  content  to  leave  their  capital  thus  invested. 

Referring  to  the  various  kinds  of  concessions  already  described,  it 

may  be  stated  generally  that  municipalities  rarely  grant  subsidies 

Guarantees,      for  gas-works,  and  almost  as  rarely  guarantee  interest  on  capital, 

rr/rt^*a9     195.  j^jjj^Qygj^  where  gas-works  are  much  wanted,  a  guarantee  may  be 

given  for  the  first  two  years,  or  till  the  works  are  in  operation. 
The  concessionnaires  have  therefore  to  be  content  with  the  facilities 
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or  other  encouragement  afforded  them,  which  may  give  to  the  under-  FacUiHes  granted, 
taking  the  advantages  of  a  monopoly,  and  upon  the  nature  of  which        '*f^^ 
the  profits  and   security  of  the  investments  will  largely  depend. 
Capital  once  sunk  in  ^s-works  cannot  be  recovered ;  and  those  who 
propose  to  establish  gas-works  in  a  town  naturally  desire,  as  some 
security  for  their  investment  and  in  return  for  the  risks  they  incur, 
protection  against  the  competition  which  might  arise  if  the  enterprise 
should  prove  profitable.     In  the  public  interests,  the  granting  of  a 
monopoly  is  justified  by  the  peculiar  nature  of  the  enterprise,  and  by       Monopoly, 
the  inconvenience  which  would  arise  if  rival  companies  were  to  erect       Seepage  as. 
works  and  dig  trenches  for  pipes  in  the  public  streets.     It  is  a  usual 
condition,  therefore,  that  the  municipality  shall  grant  a  monopoly  for 
a  term  of  years,  say  from  30  to  80  years,  or — if  other  gas-works 
be  not  absolutely  prohibited — ^the  exclusive  privilege  of  laying  pipes 
in  the  public  streets  during  this  period.     In  effect,  this  exclusive 
privilege  is  a  monopoly,  which  if  it  does  not  prevent  the  construction 
of  private  gas-works,  forbids  any  competition  in  the  sale  of  gas  to 
the  public.     The  right  of  buying  up  the  undertaking  at  the  end  of,  or        Right  of 
during  the  period  of,  the  concession  is  sometimes  reserved  by  the     municipality, 
municipality ;  and  in  such  cases  it  is  always  desirable  that  the  terms     *'^^**  3*  ^  *9^- 
of  purchase  shall  be  clearly  expressed  from  the  first.     But  the  intro- 
duction  of  electric  lighting,  with  somewhat  similar  terms  of  pre-emp- 
tion, has  greatly  reduced  the  value  of  such  a  concession. 

It  is  a  customary  stipulation  that  the  dividends  of  a  gas  company    Prescribed  limit 
shall  not  exceed  a  prescribed  maximum  (in  Great  Britain  generally 
10  per  cent.) ;  and  it  is  expected  that  the  selling  price  of  the  gas 
shall  be  kept  down  to  a  rate  so  determined.     The  obvious  interests 
of  the  gas  company  lead  them,  before  reducing  their  price,  to  provide 
amply  for  the  repairs  and  renewals  of  their  works,  and  next,  to  pay 
to  their  shareholders  (if  the  law  allows  it,  as  in  England  it  generally    Assured  prpfita 
does)  any  deficit  from  the  maximum  which  may  have  occurred  in  the      to  economy, 
dividends  of  previous  years.    The  interests  of  the  gas  company  being 
thus  secured,  and  further  profit  being  unattainable,  there  is  no  induce- 
ment to  an  economy  in  manufacture  which  will  be  of  benefit  only  to 
the  consumers.     The  later  legislation  for  gas  undertakings  in  Great    British  ^Btem 
-Britain  has,  however,  provided  the  stimulus  of  self-interest  to  such 
economical  management  by  permitting,  for  every  reduction  in  the 
price  of  gas  below  a  fixed  rate,  a  corresponding  addition  (according 
to  an  agreed  scale)  to  the  dividends;  while  any  advance  in  price        stimtiius 
beyond  the  fixed  rate  involves  a  diminution  in  the  dividends;  the        obtained. 
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Seepagt  98. 


risk  to  the  shareholders  of  the  latter  event  depending  on  any  rise  in 
the  price  of  coal  which  may  increase  the  cost  of  the  gas,  and  largely 
also  on  the  price  obtainable  for  by-products. 

The  profits  of  shareholders  in  undertakings'  where  high  dividends 
are  allowed  being  thus  practically  assured,  the  value  of  their  shares 
has  risen  accordingly ;  and  when  an  increasing  population  renders  an 
extension  of  the  gas-works  necessary,  capitalists  are  eager  to  provide 
more  money  on  similar  terms.  But  as  the  privilege  of  thus  investing 
in  a  profitable  enterprise  belongs  primarily  to  the  existing  shareholders, 
access  to  such  potential  profit  becomes  at  once  a  saleable  commodity. 
While,  however,  the  maximum  interest  on  their  original  capital  may 
of  right  belong  to  the  shareholders  who  invested  their  money  on  such 
a  condition,  the  power  of  realising  in  advance,  at  the  expense  of 
future  generations  of  gas  consumers,  the  difference  between  ordinary 
and  gas-monopoly  profits  is  not  so  clear ;  and  an  equitable  adjustment 
of  this  question  has  been  found  desirable  in  the  public  interests. 
In  England,  the  limitation  of  dividend  on  new  capital  to  a  lower  rate 
than  on  the  old  (generally  to  7  per  cent,  instead  of  the  previously 
permitted  10  per  cent.)  has  been  enacted  in  some  cases,  while  in 
others  the  more  stringent  condition  has  been  laid  down  that  all  new 
shares  shall  be  sold  by  auction  to  the  highest  bidder ;  the  difference 
or  premium  above  par  value  being  applied  to  the  cost  of  works,  and 
not,  as  before,  as  a  bonus  to  the  original  shareholders.  This  has 
been  effected  by  supplementary  enactments  in  the  case  of  existing 
gas  companies ;  and  the  same  principle  will  probably  be  embodied 
in  the  legislation  for  new  undertakings.  In  England  about  30  per 
cent  of  the  gross  revenue  is  divided  as  interest  or  profit  on  capital, 
but  this  burden,  which  has  been  seldom  less  than  one  shilling  per 
1000  ft.,  tends  to  diminish,  and  from  6^.  to  9^*.  may  be  anticipated 
for  the  future. 

There  may,  however,  especially  in  newly-settled  countries  where 
capital  is  scarce,  be  cases  where  the  chance  or  expectation  of 
prospective  profit  on  future  outlay  is  the  very  circumstance  which 
induces  capitalists  to  invest  their  money;  and  the  inhabitants  or 
authorities  may  find  it  impossible  to  obtain  the  advantages  of  gas- 
lightmg  on  easier  terms.  This  is  obviously  a  question  to  be  decided 
according  to  the  merits  of  each  case,  but  should  always  be  decided 
at  the  commencement,  and  embodied  in  the  terms  of  the  concession. 
The  granting  of  a  monopoly  for  a  term  of  years,  at  the  expiration 
of  which  the  municipality  acquires  the  property  in  the  undertaking. 
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or  the  right  to  demand  rent  or  a  share  in  the  profits,  is  a  solution  of 
the  difficulty  which  is  afforded  by  the  conditions  of  many  foreign 
concessions. 

Although  the  inhabitants  of  a  town  are  left  free  to  purchase  the 
gas  or  not  as  they  please,  it  is  an  almost  universal  stipulation  that 
the  municipality  shall  pay  for  eas  lamps  in  the  streets :  and  thus    Assured  revenue 

^         ^  '^^  °  ^  .      .    .  ,  from  street  lamps. 

not  only  is  the  superiority  of  the  new  light  exhibited  m  such  a 

way  as  to  induce  imitation,  but  a  certain  revenue  is  secured,  which 

in   some  cases  may  in   itself  ensure  a  net  return   on  the  capital 

invested :    the  municipality,  who   may  have  refused  to  guarantee 

interest,  in  effect  guaranteeing  a  minimum  revenue      It  is  usual  to 

agree  in  advance  for  a  certain  or  minimum  number  of  street  lamps ; 

and  the  price  may  be  fixed  at  a  rate  per  lamp  per  hour,  or  per  lamp         Price  for 

per  annum.     In  the  latter  case  the  average  hours  for  lighting  should     how  arranged.* 

be  specified.     If  the  lamps  are  required  every  night  from  sunset  to 

sunrise,  the  time  can  be  easily  calculated  and  agreed  upon;  but 

in  some  towns  economy  is  sought  by  extinguishing  some  or  all  of 

the  lamps  after  a  certain  late  hour,  while  in  other  cases  advantage 

is  taken  of  moonlight  nights  to  save  gas  after  the  rising  of  the      Oas  saved  on 

,-  1,  .,         ,  .11  moonlifc'ht  nights. 

moon.  If,  as  is  generally  considered  convenient  in  the  latter  event, 
the  hours  and  seasons  are  arranged  beforehand  from  an  almanac, 
the  town  is  frequently  left  in  darkness  during  cloudy  nights.  More- 
over, economy  cannot  be  obtained  proportionate  to  the  quantity  of 
gas  so  saved,  for  such  variable  hours  cause  more  trouble  to  the  lamp- 
lighters,  while  the  manufacture  and  storage  of  the  gas  are  more  irregular  lighting 

,  •!*«•«  r  1*     1        inconvenient. 

expensive  because  more  irregular.     A  higher  rate  for  gas  so  supplied 

may  therefore  be  justified.     It  is  impossible,  of  course,  to  give  any 

standard  of  price  for  these  services  in  foreign  towns,  depending  as 

it  does  primarily  on  the  cost  of  coal,  the  expenses  of  manufacture,       Price  of  gas, 

and   the  taxation  to  which  the  undertaking  is  subjected;  but  the 

rates  agreed  upon  are  generally  considerably  in  excess  of  what  would 

be  paid  for  a  similar  supply  in  England  or  other  places  where  coal 

is  cheaper,  or  where  a  large  consumption  of  gas  might  be  relied  on 

with  certainty,  or  where — ^as  in  England — the  abundance  of  capital 

keeps  down  to  a  lower  standard  than  elsewhere  the  rate  of  interest 

which  is  accepted  as  sufficient.     The  price  at  which  gas  may  be  sold     Selling  price  of 

to  the  public  may  be  also  agreed  upon,  but  it  is  generally  left  to  the    *^**  *^'**    "****"* 

discretion  of  the  concessionnaires  within  a  certain   limit,  or  with 

perhaps  the  stipulation  already  referred  to,   that    the   prices  must 

be  lowered  when  the  profits  reach  a  certain  point,  or  that  the  profits,        Sff^^aj^. 
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after  a  certain  amount  has  been  reached,  shall  be  shared  in  by  the 
town. 

Besides  agreeing  upon  a  remunerative  price  for  the  gas  thus  sold 
to  the  municipality,  there  are  several  other  important  points  for  the 
concessionnaires.  Generally,  conditions  are  imposed  in  regard  to 
the  illuminating  power  and  purity  of  the  gas ;  so  determining  the 
kind  or  quality  of  coal  that  must  be  used,  and  the  cost  and  trouble 
of  manufacture.  The  ordinary  measure  of  illuminating  power  is  the 
number  of  sperm  candles  (each  candle  consuming  120  grains  per 
hour)  which  gas  consumed  in  a  standard  burner  at  the  rate  of  5  ft. 
per  hour  will  equal.  In  English  towns  the  quality  of  the  illumination 
specified  by  the  municipal  authorities  for  street  lamps,  and  generally 
defined  in  the  Acts  of  Parliament  by  which  the  Gas  Companies 
derive  their  powers,  varies  in  different  towns  from  1 2  to  20  candles, 
14  to  18  candles  being  the  most  usual  qualities.  In  gas-works 
dependent  on  a  foreign  supply  for  all  or  part  of  the  coal,  a  high 
standard  of  illuminating  power  renders  the  maintenance  of  a  suffi- 
cient store  more  than  usually  important,  because,  as  a  certain 
proportion  of  high-quality  coal  is  necessary  for  producing  such  gas, 
the  supply  of  suitable  coal  must  be  maintained  at  whatever  cost ; 
while,  if  a  lower  illuminating  power,  and  therefore  coal  of  an 
ordinary  quality  suffice,  economy  may  be  often  obtained  by  buying 
chance  cargoes,  by  waiting  to  take  advantage  of  low  freights,  and 
utilising  to  a  greater  extent  during  such  periods  local  or  inferior 
coal.  One  ton  of  Newcastle  coal  will  yield  on  an  average  about 
9,500  ft.  of  gas,  having  an  illuminating  power  of  13  to  14  sperm 
candles,  each  consuming  120  grains  per  hour;  leaving  as  residuum 
i3i  cwt.  of  coke  and  9  to  10  gallons  of  tar.  One  ton  of  Cannel 
coal  (of  average  quality)  will  produce  about  12,000  cubic  ft.  of  gas, 
having  an  illuminating  power — according  to  the  quality  of  the  coal — 
of  from  21  to  27  sperm  candles;  leaving  11  cwt.  of  coke  (of  low 
quality),  and  17  to  20  gallons  of  tar.  In  addition,  there  are  the 
other  residual  products  of  breeze  and  ammoniacal  liquor,  which  are 
generally  saleable  at  remunerative  prices.  Almost  all  kinds  of  coal 
deteriorate  during  a  long  voyage,  especially  if  through  the  tropics. 
In  storing  coal,  about  45  cubic  ft.  of  space  per  ton  is  required ;  the 
storage  space  should  be  covered,  and  sufficient  ventilation  provided 
to  prevent  spontaneous  combustion. 

Where  coal,  because  of  high  freights,  heavy  import  duties,  or 
other  burdens,  is  expensive,  and  the  selling  price  of  the  gas  pro- 
portionately  enhanced,   the   new   enterprise   is,    of  course,   greatly 
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weighted  in  competition  with  existing  systems  of  lighting.  It  must 
not  be  supposed  that  in  a  foreign  town,  where  gas-lighting  has  been 
previously  unknown,  gas  of  an  inferior  quality  will  suffice ;  for  it  is 
generally  the  wealthier  inhabitants  who  first  adopt  the  new  light,  and 
they  may,  presumably,  have  been  accustomed  to  the  best  kinds  of 
lamps  or  candles,  and  will  naturally  expect  a  greater  degree  of 
brilliancy  than  that  to  which  they  have  been  accustomed.  Moreover, 
electric  lighting  offers  competing  advantages. 

In  regard  to  the  purity  of  gas,  freedom  from  sulphur  and  am- 
monia are  the  essential  conditions,  as  the  presence  of  these  substances 
renders  the  gas  unhealthy,  and  hurtful  to  furniture  or  pictures.  In 
many  large  towns  official  analysts  or  referees  are  appointed,  who 
periodically  examine  the  gas:  fines  or  penalties  being  imposed  on 
the  gas  company  when  the  degree  of  purity  is  below  that  specified ; 
the  tendency  of  recent  years  in  England  having  been  towards 
increased  stringency  in  these  conditions.  When  the  municipality 
owns  or  controls  the  gas  undertaking,  and  acts  also  as  sanitary 
authority,  the  conditions  of  quality  are  not  always  so  rigorously 
maintained. 

Onerous  conditions  in  other  respects  are  sometimes  imposed  on 
concessionnaires,  such  as  that  certain  public  lamps  shall  be  supplied 
gratuitously,  or  at  favourably  low  rates ;  that  fines  shall  be  incurred 
for  stoppages  in  the  supply,  or  for  lamps  accidentally  extinguished ; 
as  well  as  for  non-fulfilment  of  the  conditions  just  referred  to  con- 
cerning illuminating  power  and  purity.  While  certain  regulations  in 
regard  to  all  these  matters  are  equitable  and  desirable,  promoters  of 
new  gas  undertakings  have  in  many  instances,  in  their  eagerness  to 
acquire  concessions  or  monopolies,  agreed  to  conditions  which  are 
obviously  too  severe,  or  which  have  been  found  afterwards  to  press 
unduly  on  the  enterprise.  No  proper  estimate  can  be  formed  of  the 
value  of  a  concession  without  a  knowledge  of  what  is  or  will  be 
demanded  by  the  authorities  on  these  points.  Not  only  in  regard 
to  the  conditions,  but  in  the  manner  of  enforcing  them,  is  caution 
necessary.  Sometimes  the  imposition  of  fines,  and  the  settlement 
of  questions  arising  out  of  the  concessions,  are  left  to  some  govern- 
ment or  municipal  official,  who  may  be  ignorant  or  partial.  It  is 
important  that  the  decision,  either  in  the  first  instance,  or  at  any 
rate  on  appeal,  should  lie  with  a  qualified  and  impartial  tribunal, 
able  and  willing  to  enforce  its  decisions ;  and  that  a  similar 
authority   shall    adjudicate   on   the    claims    for    payment    for    gas 
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supplied,  for  theft  of  gas,  or  on  other  matters,  as  required  by  the 
concessionnaires. 

Stipulations  may  be  made  securing  to  the  concessionnaires  the 
monopoly  of  private  extra  works,  such  as  those  necessary  for  making 
connections  to  the  mains,  and  laying  of  branch  pipes  into  the 
houses,  the  supply  of  meters,  and  in  some  cases  of  house  fittings, 
Certain  necessary  privileges,  also,  must  be  conferred  upon  the  con- 
cessionnaires or  gas  company,  such  as  the  right  of  way  for  pipes,  the 
right  of  excavating  in  the  streets,  and,  with  certain  qualifications,  the 
right  of  entering  houses  in  which  gas  is  consumed.  In  England,  the 
Acts  of  Parliament  by  which  gas-works  are  established  authorise 
bye-laws  for  preventing  misuse  or  theft  of  gas,  and  for  protecting  the 
apparatus  and  other  property  of  the  gas  company.  It  is  equally,  or 
even  more,  important  in  countries  where  there  is  no  precedent  for 
such  bye-laws  that  the  necessary  regulations  shall  be  agreed  upon 
beforehand,  and  embodied  in  the  concession  or  enactments  under 
which  the  gas  undertaking  is  established. 

The  quantity  of  gas  consumed  in  any  town  depends  not  only  on 
the  population,  but  on  the  wealth,  habits,  and  occupations  of  the 
people.  In  estimating  the  quantity  of  gas  which  will  be  required,  so 
as  to  decide  what  capacity  for  manufacturing  and  storing  will  be 
necessary,  the  ordinary  consumption  must  not  be  considered,  but  the 
extraordinary  or  exceptional  consumption,  such  as  for  illuminations 
and  for  times  of  festivals,  although  during  such  periods  the  ordinary 
consumption  may  be  partially  suspended.  Moreover,  as  the  popula- 
tion of  a  town  grows,  or  as  the  demand  becomes  greater,  more  gas 
will  be  consumed ;  and  as  time  is  required  for  extending  the  works, 
they  should  not  only  be  arranged  at  the  beginning  with  a  view  to 
after  extension,  but  the  manufacturing  capacity  at  any  time  should 
always  be  in  advance  of  the  demand. 

In  order  to  establish  a  basis  of  computation  for  towns  of  different 
sizes,  it  is  necessary  to  assume  a  certain  rate  of  consumption.  If 
the  towns  in  Great  Britain  where  gas  is  used  were  tabulated 
according  to  the  population  of  each  within  the  area  supplied  with 
gas,  the  extreme  minimum  and  maximum  quantities  consumed  per 
annum  would — if  very  exceptional  cases  be  omitted — probably  be 
about  1500  and  3000  ft.  per  head  of  population.  In  London  the 
r.onsumption  has  attained  to  4000  ft.  :  there  being  always  a  tendency 
in  capital  cities  to  later  hours  and  greater  consumption  than  in 
provincial  towns.      A  mean  between  the  ordinary  extremes   gives 
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about  2200  ft.  per  head ;  but  as  in  foreign  countries  where  gas  is      Contumption 

first  introduced  the  consumption  is  generally  less  than  in  English  foreipi  countries. 

towns,  1500  ft.  and — ^as  is  often  the  case  in  newly-settled  countries 

where  much  of  the  population  is  of  an  inferior  race — even  1000  ft. 

may  be  taken  as  a  more  probable  estimate.     There  is  also  the  risk 

that  at  some  future  time  electric  lighting  may  diminish  the  demand 

for  gas,  the  likelihood  of  this  depending  greatly  on  the  price  of  gas. 

But  while  the  introduction  of  electric  lighting  has  restricted  the  New  uses  for  gae. 
increase  in  the  demand  for  gas,  there  is  not  likely  to  be  an  actual 
decrease  in  the  consumption  for  some  time.     The  growing  use  of 
gas  as  fuel  for  heating  purposes,  for  cooking  and  for  gas  engines, 
tends  to  a  growing  consumption,  and  in  London  and  other  cities  the     See  also ^ge  ^Zu 

,  f  1  _   1    •        ^1.  Producer-Gas. 

gas  companies  encourage  such  use  of  gas  by  supplying  the  necessary 
apparatus  at  rental  rates.  Even  where  electric  lighting  has  been 
adopted,  gas  engines  are  often  used  for  driving  the  dynamo. 

Where  street  lamps  burn  all  night,  as  in  London,  the  minimum  Average  hours  for 
and   maximum   number  of  hours   in   summer  and  winter  may  be       *  * 
taken  as  6  hours  and  14  hours,  or  an  average  of  10  hours,  though 
in   certain   climates,   times   of  fog  occasionally   derange    previous 
calculations.     The  average  consumption  in  private  houses,  factories, 
and  public  buildings  is  generally  estimated  at  4  hours  per  day ;  and 
as  the  gas  is  not  usually  consumed  after  midnight,  the  difference 
between  summer  and  winter  is  much  greater  than  with  public  lamps.       Summer  and 
Gas-works  in  any  towns  to  be  equal  to  the  demand  must,  as  already      consumption, 
stated,  be  capable  of  producing  every  24  hours  the  extreme  winter      "^"^^Jijg"'* 
rate  of  consumption.      Thus,  if  in  a  town  of  5000  inhabitants  10 
million  cubic  feet  per  annum  be  consumed,  the  works  must  be  equal 
to  supplying  daily  not  less  than  gj^th  part  of  this,  or,  say,  28,000  ft., 
but  if  a  reserve  power  for  exceptional  occasions  be  needed,  probably 
double  that  quantity,  or  56,000  ft.     The  cost  of  foreign  gas-works  cost  of  gas-works, 
may  be  calculated  in  England  more  nearly  than  that  of  the  other 
undertakings  referred  to  in  preceding  chapters,  because  it  depends 
less  upon  local  circumstances ;   the  apparatus  and  works  necessary 
for  a  certain  number  of  lights  being  (subject  to  certain  circumstances 
of  locality)  almost  the  same  everywhere. 

It  may  be  said  that  the  progress  in  the  art  of  gas-making  has  not 
equalled  that  of  other  applied  sciences ;  and  the  inertness  has  been 
mainly  owing  to  the  monopoly  which  gas  enterprises  have  in  the 
past  enjoyed^  and  to  the  consequent  lack  of  that  stimulus  which 
free  competition  alone  provides.    Notwithstanding  this  comparative 
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backwardness,  there  have  been  many  ingenious  inventions  connected 
with  the  apparatus  of  gas-works,  such  as  the  charging  and  drawing 
retorts  by  machinery,  the  firing  of  retorts  with  gas  instead  of  coal, 
and,  by  inclined  retorts,  facilitating  greatly  the  charging.  Better  and 
purer  gas  can  now  be  made  vaih  less  wear  and  tear  of  plant,  and  with 
a  less  consumption  of  coal,  than  were  formerly  necessary  for  impure 
gas.  The  introduction  of  electric  lighting  has  greatly  stimulated  such 
improvements.  Incandescent  gas-mantles  aiford  a  more  brilliant  light 
both  for  streets  and  houses  than  was  formerly  attainable,  and  these 
compete  with  electric  glow-lamps.  On  the  other  hand,  owing  to  the 
increased  expense  of  materials  and  labour,  the  cost  of  making  gas 
has  in  some  respects  become  greater. 

The  cost  of  gas-works  in  foreign  countries  is,  of  course,  greater 
than  in  England  in  proportion  to  the  distance,  the  expenses  of 
carrying  the  apparatus,  the  extra  cost  of  erecting  buildings,  and 
other  circumstances;  the  following  being  the  principal  incidents 
which  must  be  taken  into  account  in  any  estimate  based  upon 
precedent  or  fixed  standards : — 

a.  The  cost  and  tenure  of  land  for  the  works. 

b.  The  nature  of  the  soil. 

c.  The  climate. 

d.  The  area  of  the  district  in  proportion  to  the  number  of  houses. 

e.  The  cost  of  building  materials  and  labour. 
/.   The  expenses  of  management. 

g.  The  latitude,  by  which  variations  in  the  length  of  days  are 
determined. 

h.  Freight,  import  duties,  and  taxes. 

The  above  points  may  be  elucidated  as  follows : — 

a.  It  is  not  always  easy  to  obtain  on  suitable  terms  a  Site  which 
will  combine  all  the  advantages  desired  :  these  being — sufficient  area 
for  the  works  and  room  for  extension;  a  shape  which  will  allow 
of  a  convenient  and  economical  disposition  of  the  buildings  (great 
irregularity,  or  a  shape  very  narrow  in  proportion  to  length,  is 
undesirable) ;  facility  for  delivering  coal,  and  for  despatching  coke 
and  other  products;  a  low  level,  from  which  the  gas  can  ascend 
to  the  other  parts  of  the  town ;  a  central  position,  so  far  as  the  other 
conditions  will  allow,  this  latter  being  of  more  importance  than  the 
low  level.  The  unwillingness  of  the  inhabitants,  especially  the 
wealthier  classes,  on  the  score  of  nuisance,  to  have  the  gas-works  in 
their  neighbourhood,  also  often  limits  the  choice  of  site. 
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b.  Upon  the  nature  of  the  soil  the  kind  and  cost  of  the  Foun- 
dations will  depend — points  of  great  importance  in  regard  to  the 
gas-holder  tanks,  and,  in  a  lesser  degree,  to  all  the  other  buildings. 
If  the  soil  be  very  hard  clay  or  rock  free  from  fissures,  a  tank  simply 
excavated  and  unlined  may  be  sufficient ;  but  in  the  great  majority 
of  cases  the  pit  has  to  be  lined  with  masonry,  brickwork,  or  concrete. 
The  use  of  concrete  only,  instead  of  brickwork,  has  not  hitherto 
been  very  successful.  Considerable  expense  is  sometimes  incurred 
in  obtaining  suitable  puddle  clay  for  forming  a  water-tight  lining. 
If  the  soil  be  very  loose  or  wet,  iron  tanks  become  necessary ;  and 
to  this  expense  has  sometimes  to  be  added  the  cost  of  pumping 
during  the  excavating  and  building,  or  of  piles  driven  into  the 
ground  to  make  a  sufficiently  firm  base  for  the  foundations.  On 
sites  situated  on  the  low-lying  banks  of  a  river  or  sea,  or  on  very 
marshy  land,  even  iron  tanks  cannot  easily  be  sunk  below  the  soil, 
and  it  becomes  necessary  to  build  the  tanks  entirely  above  the 
ground  level.  The  cost  of  the  retort  settings  and  of  the  various 
buildings  is  also  dependent  to  a  large  extent  on  the  nature  of  the 
soil  and  the  foundations. 

r.  Extreme  Climates  render  special  precautions  necessary.  In 
countries  exposed  to  high  winds,  or  heavy  falls  of  snow,  the  gas- 
holders and  the  roofs  of  the  buildings  must  be  made  correspondingly 
strong;  in  cold  climates  the  gas-holders  and  other  parts  of  the 
apparatus  usually  in  England  left  open  to  the  air,  are  generally 
entirely  enclosed  in  buildings,  pipes  and  other  parts  being  also 
protected  from  frost ;  in  hot  climates,  arrangements  have  to  be  made 
for  keeping  cool  the  gas-holders,  and  for  extra  ventilation  in  the 
various  houses. 

d.  The  Area  of  the  district  as  compared  with  the  number  of 
houses  determines  the  quantity  of  pipes  necessary  for  a  certain  sale 
of  gas;  and  where  small  outlying  districts  or  suburbs  have  to  be 
served,  especially  where  the  number  of  consumers  is  at  first  small, 
the  cost  of  pipes  increases  the  capital  outlay  without  much  return 
in  revenue.  In  English  towns  the  population  per  mile  of  main 
ranges  from  1000  to  3000. 

e.  The  cost  of  building  Materials  varies  very  much  in  different 
countries ;  and  in  many  towns  where  gas-works  have  been  established 
by  foreign  capitalists  there  is  neither  brick,  stone,  nor  timber 
available;  and  these  materials,  or  ironwork  as  a  more  convenient 
substitute,   have  at  considerable   extra    expense   to   be   imported. 
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The  difficulty  of  obtaining  suitable  workmen  has  also  often  to  be 
encountered. 

/.  The  expenses  of  Management  in  foreign  gas-works  are  often 
very  great,  especially  where  skilled  superintendents  have  to  be  sent 
from  a  distance,  and  such  charges  tell  heavily  on  a  small  revenue. 

g.  In  the  latitudes  near  the  equator  the  Lengths  of  days  ap- 
proximate more  nearly  in  winter  and  summer  than  in  countries 
outside  the  tropics,  and  this  circumstance  tends  to  economy  in  the 
expenditure  of  capital.  For  as  it  is  necessary  in  constructing 
gas-works  to  provide  for  the  maximum  consumption  of  the  longest 
nights,  much  of  the  manufacturing  and  storage  capacity  of  works 
situated  in  latitudes  where  the  length  of  days  varies  much  with  the 
seasons,  is  idle  and  profitless  during  the  summer. 

h.  Freight  and  insurance  add  considerably  to  the  cost  of  ap- 
paratus imported ;  and,  for  towns  not  situated  on  the  coast  or  on 
navigable  rivers,  the  cost  of  inland  carriage,  especially  if  the  coal  has 
also  to  be  imported,  sometimes  forbids  altogether  the  profitable 
erection  of  gas-works.  To  these  unavoidable  expenses  are  often 
added  high  import  duties  on  iron  and  machinery.  In  such  cases 
the  undertaking  is  greatly  weighted  in  competition  with  other  and 
previously  existing  methods  of  lighting,  and  the  cost  of  gas  to  the 
inhabitants  is  of  course  enhanced.  The  privilege  of  importing 
material  free  of  duty  is  often  sought  by  concessionnaires,  but  except 
in  the  case  of  capital  cities  is  not  granted  so  readily  for  gas-works 
as  for  such  undertakings  as  railways  and  harbours,  which  may  be 
considered  as  of  more  national  importance. 


Variable  cost  of  It  has  been  seen  from  the  foregoing  pages  that  any  estimate  of  the 

cost  of  gas-works  in  a  foreign  country  depends  upon  many  variable 
circumstances,  and  therefore  that  even  an  approximate  statement  of 
cost  must  in  regard  to  these  circumstances  be  based  upon  certain 

Approximate  cost    conjectural  assumptions.      The   capital   outlay  in   connection  with 

gas-works,  including  mains,  ranges  in  England  from  loi'.  to  i6j.  per 
1000  ft.  of  gas-manufacturing  capacity  per  annum;  though  in  large 
cities  like  London  and  Paris,  the  rates  sometimes  rises  to  20^.  Or, 
to  take  another  measure  of  value,  the  cost  of  gas-works  ranges  from 
£a  to  £,*i  per  ton  of  coal-carbonising  capacity  per  annum,  or,  in 
the  exceptional  cases  above  referred  to,  may  be  as  much  as  ;^9. 
The  capital  outlay  expressed  by  the  higher  of  these  rates  includes 
considerable  expenses  for  Parliamentary  contests,  compensations,  and 
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the  somewhat  wasteful  expenditure  in  construction  at  a  time  when 
the  science  of  gas  manufacture  was  not  well  understood.  By  gradually 
modernising  the  plant  out  of  revenue  as  the  production  grows,  the 
output  capacity  in  proportion  to  the  capital  outlay  may  be  increased. 

The  quantity  of  gas  which  can  be  discharged  per  hour  through  Passage  ©f  gas 
a  pipe  of  a  certain  diameter  depends  upon  the  pressure  of  the  gas 
and  upon  the  length  of  the  mains.  As  the  friction  increases  with  ^/^pipks,/*^' 644. 
the  length,  the  diameter  of  the  pipe  must  be  increased  where  the 
mains  extend  far ;  and  to  afford  a  basis  for  an  approximate  estimate, 
it  is  necessary  to  assume  a  certain  pressure,  which  as  an  ordinary 
average,  may  be  taken  as  equal  to  that  of  a  column  of  water  ij  in. 
high. 

Ordinary  street  lamp-pillars,  complete  with  lamps  and  pipes,  cost         Cost  of 

lamp-piUars. 

from  £2  10s,  each  upwards,  those  suitable  for  the  pnncipal  streets 
of  a  city  costing  ;;^5 ;  large  pillars  with  groups  of  lamps  cost  from 
jQi2  to  ;^5o  each.  Each  street  lamp  with  one  burner  consumes 
from  4  to  5  cubic  ft.  per  hour,  and  the  same  consumption  may  be 
assumed  for  private  burners. 

In  Great  Britain  the  cost  of  gas-works,  including  mains,  averages    Cost  of  works 
from  1 5 X.  to  25  J.  per  head  of  population,  the  lower  rate  being  for  towns       population, 
of  very  small  size.     In  the  case  of  very  large  cities,  where  works  of 
extraordinary  magnitude  are  constructed,  the  higher  figure  is  some- 
times much  exceeded.    Gas  apparatus  on  a  small  scale,  for  supplying 
mansions,  factories,  or  villages,  is  made  in  England,  especially  for 
export;   the  capacity  of  such  apparatus  being  stated  according  to 
the  number  of  lights  which  it  can  supply  for  a  certain  number  of 
hours  per  day ;  but  the  proportions  which  the  storage  bears  to  the 
manufacturing  capacity  can  be  arranged  to  suit  particular  cases.     A 
complete  apparatus  for  supplying  200  burners  for  four  hours  daily.  Cost  according  to 
and  including  necessary  fire  bricks,  costs  from  ;£^2oo  to  ;£^25o,  and 
weighs  about  twelve  tons.     An  apparatus  for  supplying  double  the 
above  quantity  would  cost  about  ^400,  the  price  per  unit  of  supply 
gradually  diminishing  as  the  size  increases.      For  any  number  of 
lights  beyond  500  it  is  seldom  expedient  to  export  an  apparatus, 
unless  it  has  been  designed  on  purpose  to  meet  the  necessities  of  the 
particular  case. 

Special  apparatus  for  manufacturing  gas  from  oils,  petroleum,  &c..     Apparatus  for 
is  also  made  on  a  small  scale,  the  prices  ranging  from  £^0  for  an    ™*  °*^  ^  '**"* 
apparatus  sufficient  for  50  lights,  to  ;^iooo  for  one  sufficient  ioi  See  aUo pages is^^- 
2000  lights :  the  weight  for  shipment  ranging  from  2  to  30  tons. 
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ProfitB  depend  The  Profits  of  any  gas-works  obviously  depend  not  only  upon 

Otl   ffOOu 

management,     the  capital  Outlay,  the  cost  of  coals,  and  the  selling  price  of  the  gas 

and  residual  products,  but  upon  the  skill  in  management;  though 
this  fact  has  not  had  its  logical  outcome  in  those  towns — numerous 
in  England — where  the  advantages  of  a  monopoly,  and  the  absence 
of  an  authoritative  limit  to  price,  allow  the  gas  company  to  recoup 
themselves  by  high  charges  for  an  unnecessarily  high  cost  of 
manufacture.     The  current  expenditure  depends  primarily  upon  the 

Skin  in  design    skill  with  which  the  works  have  been  designed  in  the  first  instance, 

necessary.  .111  ,  •     ,  -it 

so  as  to  allow  the  various  processes  to  be  carried  on  with  the 
minimum  of  labour.  Simplicity  should  be  studied  in  the  design  of 
the  buildings ;  and,  in  foreign  countries,  both  in  the  arrangement  of 
Economy  in  the  apparatus  and  the  order  of  procedure,  economy  will  be  attained 
by  conforming  as  far  as  possible  to  the  habits  and  capabilities  of  the 
native  workmen. 

In  Great  Britain,  the  expenses  of  manufacture,  distribution,  man- 
agement, and  maintenance  of  the  works,  exclusive  of  the  cost  of  coal 
and  of  interest  on  the  capital  invested,  and  without  taking  credit  for 
Cost  of  the  revenue  from  coke,  tar,  and  other  residual  products,  ranges  from 
I  J.  to  2  J.  per  1000  cubic  ft.,  and,  including  coal  and  all  charges, 
about  70  per  cent,  of  the  gross  revenue  is  needed  to  defray  the  cost. 
The  cost  of  the  gas  itself  in  any  particular  case  depends  primarily 
upon  the  cost  of  coal.  But  as  the  cheapest  kind  of  gas  for  use  as 
fuel  in  steel  making  and  other  metallurgical  operations  is  made  by 
private  persons  at  as  low  as  from  \d,  to  4</.  per  1000  ft. — though 
such  gas  is  cheap,  because  a  high  degree  of  purity  and  illuminating 
power  is  not  required — the  experience  so  gained  points  the  way  to 
Seiiing.price  of  further  economy  in  gas  for  lighting.     In  England,  the  selling-price  of 

gas  varies  from  u.  9//.  to  7^.  per  1000  cubic  ft.,  according  to  locality 

and  the  current  price  of  coal ;  and  these  rates  generally  allow  ample 

profit  to  the  makers.     In  foreign  gas-works  established  by  British 

enterprise,  the  prices  range  from  5^.  to  20s.  per  1000  ft.     In  cases 

'where  the  higher  of  these  rates  are  in  force,  not  only  has  all  the 

apparatus  generally  been  imported,  but  the  whole  of  the  coal  has  to 

be  imported  at  very  great  cost. 

Value  of  residual      .  The  value  of  the  residual  products  varies  greatly  in  different 

^**CoKB  A»J»53S-  localities.     The  price  obtainable  for  coke  depends  on  the  current 

prices  for  other  kinds  of  fuel.  Modern  improvements  in  the  mode  of 
removing  ammonia  from  the  gas  have  added  to  the  profit  from  this 
source,  while  also  the  demand  for  ammoniacal  liquor  and  tar  has 
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Value  of  tar. 


Tar  as  fuel. 


grown  in  large  cities,  where  the  quantity  produced  is  sufficient  to 
induce  the  erection  of  special  manufactories  for  utilising  them. 
Where  coal  is  cheap  it  is  often  difficult  to  sell  gas-coke  at  any  price, 
and  it  is  sometimes  given  away.  Tar  also  has  frequently  a  very 
low  selling  value,  and  especially  so  where  by  skill  in  gas-making  the 
illuminating  constituents  of  the  gas  are  prevented  from  being  taken 
by  the  tar.  Where  this  is  effected  the  illuminating  power  of  the  gas 
may  be  obtained  with  the  least  amount  of  Cannel  or  other  high- 
priced  coal,  while  the  tar  thus  reduced  in  value  to  tar-distillers  can 
be  profitably  used  as  fuel  at  the  gas-works.  Many  new  uses  have, 
however,  been  found  for  the  residual  products,  and  in  England  from 
50  to  70  per  cent,  of  the  cost  of  the  coal  is  recovered.  Indeed,  the 
revenue  from  such  sales  expresses  very  nearly  the  net  profits  of  the 
entire  undertaking,  and  were  it  not  for  the  expenses  of  distribution 
and  management,  gas  could  probably  be  sold  in  England  at  ix.  per 
1000  ft.,  if  made  with  every  modem  advantage  on  a  large  scale. 

To  arrive  at  the  profits  of  gas-works — after  the  cost  of  works, 
coal,  and  manufacture  has  been  reckoned — the  waste  must  also  be  Waste  of  gas. 
taken  into  account.  In  the  greater  number  of  English  gas-works, 
the  amount  of  gas  unaccounted  for  varies  from  8  to  1 5  per  cent,  of 
the  total  quantity  manufactured;  but  by  increased  care  in  laying 
and  jointing  the  pipes,  the  loss  has  in  the  best-managed  works  been 
brought  as  low  as  4  per  cent.  It  will  be  seen  that  the  difference 
which  these  limits  express — and  which  represent  degrees  of  skill  in 
management — is  in  itself  sufficient  to  pay  a  fair  interest  on  capital. 

Gas-works  have  in  Great  Britain  been  looked  upon  by  investors 
as  permanent  undertakings,  for  even  where  the  local  authorities  have 
the  option  of  purchase,  it  has  generally  been  upon  terms  which  will 
return  to  those  who  provided  the  capital  a  compensation  based  upon 
the  current  revenue.  But  if  profits  diminish,  because  of  electric 
lighting  or  other  competition,  the  shares  in  gas  companies  may  lessen 
greatly  in  value.  The  question  is  likely  to  arise  whether  some  form 
of  reserve  or  sinking  fund  should  not  be  established  out  of  annual 
profits  to  provide  for  the  time  when  the  undertaking  has  ceased  to 
be  profitable. 


Leakage. 


Sinking  fund. 
See  pag€  39. 


For  Designing  the  works  and  apparatus  necessary  for  supplying    information  for 
a  town  with  gas,  the  following  information  is  required;   and,  the      *'5Srk8."*^ 
scheme  having  been  prepared,  the  cost  of  establishing  the  works  and 
making  the  gas  can  be  ascertained.     On  the  basis  of  such  estimates 
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See  Chapter  IX. 
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Building 
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paving. 


of  cost,  and  with  the  following  information  before  them,  contractors 
or  capitalists  can  form  an  opinion  as  to  the  probable  profits  of  the 
enterprise. 

1.  A  Fian  of  the  town,  with  the  names  of  the  streets  and  the 
lines  of  the  pipes  marked  upon  it,  with  a  key  or  explanatory  list 
describing  which  are  the  principal  streets  and  public  buildings,  and 
the  proposed  site  for  gas-works.  The  different  levels  of  the  town 
should  be  marked  with  reference  to  some  datum. 

2.  The  Population  of  the  town;  the  past  and  probable  future 
rate  of  increase  in  the  population ;  a  classified  list  of  the  number, 
kind,  and  value  of  the  houses ;  the  avocations  and  customs  of  the 
people ;  the  price  charged  for  electric  or  other  systems  of  lighting  in 
the  streets  and  houses ;  the  likelihood  of  gas  being  saleable  for  heat- 
ing or  cooking;  and  any  other  information  by  which  the  probable 
consumption  of  the  gas  may  be  estimated. 

3.  The  experience  of  gas-works  in  neighbouring  towns,  or  in 
other  places  where  the  circumstances  are  similar. 

4.  If  Coal  exists  in  the  country,  its  suitability  for  gas-making 
should  be  minutely  described,  samples  furnished,  its  cost  at  the 
mines  stated,  and  the  means  and  cost  of  transport  to  the  gas-works 
described;  together  with  the  means  and  cost  of  landing  imported 
coal,  and  conveying  it  to  the  gas-works. 

5.  The  import  Duty^  Taxes,  or  imposts  to  which  the  apparatus, 
coal,  or  the  revenue  or  profit  may  be  liable. 

6.  The  cost  of  Land  on  which  to  build  the  works,  and  the  terms 
or  tenure  on  which  the  land  can  be  held,  and  whether  there  is  any 
likelihood  of  objection  from  the  inhabitants  on  the  score  of  nuisance. 
The  nature  of  the  water  supply  and  its  cost. 

7.  Precise  information  as  to  the  nature  of  th^  Ground  on  which 
the  works  are  to  be  built — whether  rock,  sand,  or  clay ;  whether  firm 
or  yielding,  wet  or  dry ;  the  depth  at  which  water  is  reached ;  this 
being  ascertainable  with  certainty  either  by  trial  pits  or  probings. 

8.  The  cost  of  Building  Materials,  including  those  for  roof 
covering ;  the  kind  of  workmen  obtainable,  and  their  rates  of  wages ; 
the  quality  and  cost  of  clay  for  puddling  the  gas-holder  tanks,  or  lime 
for  purifying  the  gas ;  also  whether  suitable  stone  or  brick  buildings 
can  be  erected  at  moderate  cost,  or  whether  it  would  be  better  to 
import  bricks  or  iron  framework  for  buildings.  The  materials  with 
which  the  streets  are  made  and  paved  should  be  described,  together 
with  the  drains  or  water  pipes  in  the  streets,  and  the  depth  at  which 
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water  would  be  met  in  trenching;  whether  canals  or  streams  will 
have  to  be  crossed  by  the  mains,  and  any  other  information  which 
may  affect  the  method  and  cost  of  laying  gas  pipes. 

9.  The  kind  of  Fu€i  in  use  in  the  town  for  domestic  or  manu- 
facturing purposes,  its  cost,  its  abundance,  or  otherwise,  and  any 
other  information  by  which  the  probable  demand  for  and  the  selling 
value  of  coke  may  be  estimated ;  so,  also,  any  outlet  which  may  be 
reckoned  on  for  the  sale  of  the  other  residual  products. 

10.  If  coal  for  gas-making  cannot  be  brought  to  the  site  at  a 
sufficiently  moderate  price,  any  other  available  Materials  for  gas 
making — such  as  resin,  resinous  wood,  naphtha,  oil,  or  petroleum — 
should  be  described,  together  with  the  cost,  the  sources  of  supply, 
and  the  cost  of  transport. 

11.  The  nature  of  the  Climate  should  be  described,  not  only  for 
its  effect  on  labour  and  materials,  but  because,  as  already  mentioned, 
the  designs  for  the  buildings  and  apparatus  for  a  gas  factory  are  in 
many  ways  determined  by  the  information  on  this  point. 

12.  The  Terms  of  the  concession  granted  by  the  municipality,  or 
which  may  be  reasonably  expected,  should  be  stated  fully,  with  special 
reference  to  the  following  points :  the  nature  of  the  monopoly,  the 
length  of  term,  the  engagements  which  have  been  made  for  supplying 
lamps  in  the  public  streets,  the  subsidy  or  guarantee  or  facilities 
which  are  to  be  granted,  and  the  obligations  which  are  to  be  enforced 
on  the  concessionnaires. 

13.  The  fluctuations  in  the  jRate  of  Exchange  which — as  judged 
from  the  experience  in  the  past — are  likely  to  occur.  If  coal  has  to 
be  procured  from  a  foreign  country  at  its  intrinsic  value  while  the 
payments  for  gas  are  made  in  depreciated  currency,  the  revenue — if 
measured  in  British  sterling — will  be  much  diminished. 


Laying  of  pipes. 


Value  of  fuel. 


Probable  demand 
for  coke. 


Materials  for 

gas-makine — oil, 

resin,  naphtha. 


Climate. 
See  aito  page  74. 


Terms  of 

concession. 

S*e  pag<*  18  to  56. 


Rate  of  exchange. 
Seepage  455. 


[See  also  Concessions  :  Waterworks  :  Elbctric  Lighting  : 
The  Establishment  of  Factories:  Coal:  Pipes:  Iron  Roofs 
AND  Buildings.] 


CHAPTER    XII. 

ELECTRIC     LIGHTING. 

Electric     Lighting     by    the 
incandescence  of  electric  con- 
ductors was  known  many  years 
before    there  was   any  idea  of 
using  it  for  practical  purposes. 
For   so    long    as    the    electric 
current  could  be  produced  only 
by  the  consumption  of  zinc  in  a 
battery,  lighting  by  such  means 
was  too  expensive  for  anything 
but    a    laboratory    experiment. 
It  was  only  after  the  discovery 
based  on   Faraday's  researches 
that   electricity    could    be    pro- 
duced   by  an    expenditure    of 
motive  force — as  from  a  steam 
engine,   gas    engine,    or    water 
wheel— at  a  cost  less  than  one- 
fiftieth  of  that  from  a  battery, 
and,  after  numerous  subsequent  inventions,  that  the  use  of  electricity 
for  lighting,  as  well  as  for  the  transmission  of  power,  became  possible. 
The  machines  by  which  the  electric  energy  is  produced  are  usually 
known  as  dynamo-electric  generators,  or,  shortly,  as  dynamos ;  and, 
although  there  are   numerous   shajjes,  arrangements  and   combina- 
tions, which  have  formed  the  subject  of  as  many  inventions  and 
patents,  the  common  principle  of  them  all  is,  that  mechanical  power, 
being  applied  to  rotate  an  electric  conductor,  forming  a  closed  circuit 
in    a    magnetic    field   produced    by  powerful  magnets,   the  original 
energy  of  the  motor  is  transmuted  into  electricity,  which   can  be 
nitted  by  wire  or  other  conductor,  and  given  out  at  will,  either 
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as  heat  to  produce  an  incandescent  light  or  reconverted  into 
mechanical  energy. 

If,  in  the  course  of  transmission,  a  current  of  electricity  meets 
with  resistance  it  generates  heat ;  and  though  in  the  ordinary  con- 
ductors this  resistance  should  be  very  small,  and  the  consequent 
heat  imperceptible,  in  extreme  cases  the  heat  may,  owing  to  in- 
sufficiency in  the  size  of  the  conductor,  cause  it  to  become  red-hot 
or  even  fuse  it.  But  the  heated  conductor,  when  properly  controlled 
and  enclosed,  forms  an  incandescent  or  glow  lamp.  If  the  con- 
ductor be  cut,  the  current  will  pass  over  the  gap,  if  of  moderate 
width ;  and  air  being  a  bad  conductor,  the  resistance  and  consequent 
heat  produces  light.  If  the  ends  of  the  conductor  are  of  carbon 
they  become  white-hot  or  incandescent,  producing  with  the  arc  a 
brilliant  light  as  they  burn  away.    This  is  the  principle  of  the  arc  lamp. 

Before  referring  further  to  the  different  methods  of  lighting,  it 
may  be  convenient  to  define  the  various  electrical  units  that  have 
been  established,  and  which  are  by  universal  agreement  accepted  as 
standard  units  in  all  countries,  and  also  to  define  some  of  the  usual 
designations  of  method  and  arrangement.  When  two  plates  of  dis- 
similar substances,  such  as  zinc  and  copper,  are  immersed  in  diluted 
sulphuric  acid  or  other  chemical  solution  (as  in  a  primary  battery), 
or  when  a  piece  of  wire  or  other  conductor  is  moved  through  a 
magnetic  field  (as  in  a  dynamo),  an  electro-motive  force  is  set  up 
between  the  plates  or  in  the  wire.  This  E.M.F.  indicates  the 
power  of  doing  work,  or,  in  other  words,  the  presence  of  stored-up 
energy.  When,  to  continue  the  above  illustration,  the  two  plates  in 
a  battery  are  joined  by  a  wire,  or  the  two  ends  of  the  wire  in  a 
dynamo  are  joined,  the  E.M.F. — designated  sometimes  also  as 
"difference  of  potential"  or  electric  pressure — causes  a  current  to 
flow  through  the  wire  and  through  the  cell  (or  dynamos  as  the  case 
may  .be),  the  whole  forming  what  is  known  as  an  electric  circuit. 
The  volume  of  the  current  depends  on  the  amount  of  resistance  the 
entire  electric  circuit  offers  to  the  E.M.F.  which  the  chemical  in 
the  battery  (or  the  dynamo)  can  sustain.  As  analogous,  and  as  an 
illustration,  if  a  raised  tank  containing  water  be  connected  to  a  lower 
tank  by  a  long  pipe,  the  difference  of  level  produces  a  pressure,  and 
water  flows  from  the  upper  to  the  lower  tank ;  the  quantity  or  volume 
passing  in  any  given  time  depending  on  the  resistance  offered  by  the 
pipe.  A  large  pipe  affords  small  resistance,  a  constricted  pipe  large 
resistance.     Similarly,  for  low-pressure  electric  currents,  conductors 
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of  large  sectional  area  are  necessary,  whereas  smaller  conductors 
may  be  used  when  the  pressure  is  greater.  In  either  case  the  resist- 
ance increases  with  the  length  of  transmission. 

The  electric  unit  of  pressure  is  termed  the  Volt ;  the  unit  of  rate, 
volume  or  current  is  termed  the  Ampere  ;  and  the  unit  of  resistance 
the  Ohm.  These  have  a  definite  relation  to  each  other,  whatever 
may  be  their  actual  magnitude,  which  is  expressed  by  the  equation 

E 
C  =  — ,  when  C  is  the  current  between  any  two  places,  E  the  pressure, 

and  R  the  resistance  between  those  same  places.  This  is  known  as 
Ohm's  law.  The  electrical  energy  conveyed  along,  a  wire,  or  supplied 
to  lamps  or  motors,  at  any  given  time  is  ascertained  by  multiplying 
the  volts  by  the  amperes,  the  product  (C  E)  being  expressed  in  terms 
of  another  unit,  the  Watt,  the  unit  of  rate  of  work — e.g.  50  volts 
X  10  amperes  =  500  watts,  or  100  volts  x  5  amperes  =  500  watts. 
A.  kilowatt  is  simply  1000  watts,  and  is  the  unit  generally  used  to 
express  the  size  or  capacity  of  electrical  machinery.  An  electrical 
horse-power  is  746  watts — i.e.  if  a  motor  could  be  made  to  return 
100  per  cent,  of  the  energy  put  into  it,  746  watts  would  be  required 
to  produce  every  horse-power  of  useful  work.  In  Great  Britain,  what 
is  known  as  "  Board  of  Trade  Unit "  is  the  supply  of  1000  watts  for 
one  hour,  and  the  electric  current  is  generally  sold  to  users  at  a  price 
per  Board  of  Trade  unit.  In  other  words  the  kilowatt  hour,  or  Board 
of  Trade  unit  of  electric  energy  is  the  quantity  of  energy  supplied  in 
one  hour  by  a  current  at  such  a  pressure  that  the  product  of  volts, 
amperes  and  hours  amounts  to  1000.    Thus,  a  current  of  10  amperes 

Kilowatt  hours,    at  loo  volts  for  One  hour  is  a  B.O.  Trade  unit,  or  a  current  of  4  amperes 

at  500  volts  for  \  hour  is  a  B.O.  Trade  unit.  A  simpler  designation 
will  probably  be  found.  Since  the  fall  of  pressure  in  the  conductor 
depends  on  the  number  of  amperes,  or  rate  of  flow,  and  since  to 
transmit  a  given  number  of  watts  (or  C  E)  the  amperes  may  be 
reduced  as  the  voltage  is  increased,  it  follows  that  high  voltage  is 
advantageous  for  long  distances.  Transmission  at  a  low  voltage 
becomes  expensive  for  any  but  a  short  distance,  becaure  the  con- 
ductor must  be  relatively  large,  and  the  copper  of  which  electric 
conductors  are  made  is  an  expensive  metal.  Up  to  a  distance  of. 
High  and  low     say,  8oo  yards  the  necessity  for  high  pressure  seldom  arises ;  it  is 

5'// /flj-"*  66  dr- 270.  frequently  disregarded  up  to  one  mile,  but  beyond  that    distance 

economy  must  be  obtained  by  the  use  of  high  pressure,  which  presents 
certain  inconveniences  and,  when  the  pressure  is  great,  even  dangers. 


Board  of  Trade 
unit. 


Part  I.] 


Electric .  Lighting. 


257: 


Although  the  tension  or  pressure  deetned  most  suitable  for  incan- 
descent lighting  has  been  from  50  to  100  volts  (and  at  a  later  date 
up  to  230  volts),  and  within  these  ranges  there  is  neither  danger  nor 
inconvenience,  much  higher  pressures  may  be  used  for  certain  forms 
of  lighting.  For  arc  lighting,  pressures  of  from  400  to  2000  volts  are 
frequently  employed-  The  economy  obtained  by  transmitting  the 
electric  current  at  a  high  voltage  is  dealt  with  elsewhere ;  the  skill 
of  the  engineer  is  exercised  in  each  case  as  it  arises,  to  judge  between 
methods  available ;  and  the  decision  on  this  point  is  a  preliminary 
which  often  forms  the  keynote  of  the  whole  project. 

The  terms  "positive"  and  "negative"  jire  used  to  distinguish 
between  the  two  conductor  wires  leading  from  a  dynamo  or  battery, 
and  originally  signified  that  the  positive  wire  was  the  point  of  highest 
pressure,  and  the  negative  of  the  lowest  pressure;  the  flow  of  the 
electricity,  therefore,  taking  place  from  positive  to  negative  in  the 
external  circuit.  It  is  now  recognised,  however,  that  it  is  not  known 
whether  any  flow  at  all,  in  the  ordinary  sense  of  the  word,  takes 
place.  But  certain  definite  effects  are  obtained  at  either  pole,  and 
the  terms  are  convenient. 

A  current  of  electricity  produced  from  a  generator  may  be  either 
"direct"  or  "alternating."  A  machine  producing  a  direct  or  con- 
tinuous current  is  usually  called  a  direct-current  dynamo,  or  shortly  a 
"  dynamo,"  and  a  machine  producing  an  alternating  current  an  alter- 
nating-current dynamo.  In  a  direct-current  dynamo  the  armature 
coils  are  connected  to  a  commutator,  upon  which  the  "  brushes  " 
or  "  collectors  "  rub  in  such  a  manner  that  the  flow  is  always  in  one 
direction.  In  some  forms  of  alternator  the  armature  revolves,  and 
the  armature  coils  are  usually  brought  to  two  metal  rings,  upon  which 
the  brushes  rub  and  the  current  alternates ;  a  current  in  one  direc- 
tion being  followed  immediately  by  a  current  in  the  reverse  direction. 
In  others  the  field  magnets  revolve,  and  the  armature  being  stationary 
no  rubbing  contacts  are  needed  for  the  main  circuit.  The  alterna- 
tions (or  "  periods  "  or  "  phases  ")  are  generally  very  rapid,  i.e.  from 
25  to  150  alternations  per  second.  The  alternating  current  has  very 
little  magnetising  effect,  and  alternators  require  to  have  their  field 
magnets  excited  by  a  small  continuous-current  dynamo,  commonly 
called  the  "  exciter." 

Generators,  motors,  lamps,  and  other  electrical  apparatus,  may 
be  connected   up  in   three  ways,  i.e.  either   in   "  parallel "   or  in 
or  by  the  3- wire  (or  5 -wire)  system.     There  are  several 
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Other  methods  of  connecting  in  combination  of  parallel  and  series, 
but  these  have  only  a  theoretical  interest.  It  is  beyond  the  present 
purpose  to  describe  in  detail  the  differences  between  these  terms, 
or  to  set  forth  the  many  and  diverse  circumstances  which  must 
determine  the  choice  of  method  in  particular  cases.  Shortly,  it 
may  be  said  that  if  the  generators  are  coupled  up  in  parallel  they 
must  supply  electricity  at  the  same  pressure,  and  then  all  the  posi- 
tive brushes  are  connected  together,  and  all  the  negative  brushes 
also.  In  this  manner  the  total  effect  produced  is  the  pressure  of 
one  machine  multiplied  by  the  sum  of  the  currents  of  all  the 
machines  together.  Connecting  in  series  is  the  coupling  of  the 
positive  brush  of  the  first  machine  to  the  negative  of  the  next,  and 
so  on  all  through  the  series,  a  positive  brush  being  left  free  at 
one  end,  and  a  negative  at  the  other.  In  this  case  the  machines 
have  all  to  generate  the  same  current,  and  the  total  effect  produced 
is  the  current  of  one  machine  multiplied  by  the  sum  of  the  pressures 
of  all  the  machines.  In  such  an  arrangement  of  lamps  in  series  the 
whole  current  passes  through  each  lamp ;  consequently,  the  voltage 
of  the  circuit  is  the  voltage  of  each  lamp  multiplied  by  the  number 
of  lamps.  On  the  other  hand,  in  a  multiple  arrangement,  the  electro- 
motive force  of  one  lamp  will  be  that  of  the  number  of  lamps  multi- 
plied by  the  current  of  each.  As  will  presently  be  explained,  arc 
lamps  are  generally  run  in  series,  and  glow  lamps  in  parallel. 

It  is  often  attempted  to  illustrate  or  explain  by  the  analogy  of 
earlier  and  more  familiar  methods  of  power  transmission,  the  manner 
in  which  electric  energy  may  be  conveyed  and  distributed.  The 
following  are  instances  of  such  analogies  as  applied  to  the  three 
systems  of  connecting  up  just  described. 

When  two  horses  are  abreast  they  may  be  said  to  be  pulling 
"  in  multiple  "  or  "  in  parallel."  When  two  locomotives  are  pulling 
tandem  they  would  be  "  in  series."  One  hundred  water-wheels  may 
be  driven  on  the  same  level  or  "  in  parallel "  by  looo  gallons  of  water 
falling  lo  feet  in  a  given  time,  or  one  below  another  by  lo  gallons 
falling  looo  feet.  "  In  parallel  "  there  is  a  general  race-way  lo  feet 
above  level  large  enough  to  pass  looo  gallons  in  a  given  time,  from 
which  a  different  lo  gallons  goes  through  each  wheel;  "in  series" 
there  is  a  small  pipe  only  large  enough  to  pass  lo  gallons,  and  the 
^ame  lo  gallons  of  water  starting  looo  feet  above  level,  goes  through 
ail  the  wheels  in  turn.     The  water-power  is  the  same. 

An  arc  lamp  for  street  lighting  requires  about  500  watts  electric 
power,  or  10  amperes  at  50  volts  each.     One  hundred  lamps  may  be 


Part  I.J 


Electric  Lighting. 


259 


supplied  from  1000  amperes  of  current  at  50  volts  "  low  tension"  in 
parallel,  or  from  10  amperes  at  5000  volts  "  high  tension  "  in  series. 
A  standard  i6'€andle-power  incandescent  lamp  requires  about  60  watts. 
The  usual  house  lamps  are  arranged  in  parallel,  and  for  this  consump- 
tion of  60  watts  I  ampere  may  be  taken  at  60  volts,  or  %  of  ampere 
at  100  volts,  or  \  of  an  ampere  at  200  volts.  The  actual  voltage 
adopted  is  determined  by  that  of  the  available  supply.  The  amount 
of  power  and  cost  for  energy  are  the  same,  whether  the  current  is  of 
large  amperage  at  low  voltage,  or  of  small  amperage  at  high  voltage. 
The  3-wire  method,  which  is  most  largely  used  for  low  tension  distri- 
bution, has  a  middle  or  neutral  third  wire,  and — continuing  the  same 
analogy  of  water-power — is  like  a  race-way  at  ground  level,  above 
which  is  a  set  of  upper  water-wheels  supplied  from  a  pipe  (the  positive 
wire)  10  feet  above,  and  below  is  another  set  through  which  water 
falls  to  a  pipe  (the  negative  wire)  10  feet  below  level.  The  5-wire 
system  is  arranged  on  the  same  principle. 


House  lamps. 


3-wire  system. 


Electric  lamps  are  of  two  principal  kinds,  known  as  Arc  lamps 
and  Incandescent  or  glow  lamps.  In  the  arc  lamps  there  are  two 
carbon  sticks  or  pencils,  each  forming  the  end  of  a  wire  conductor, 
the  electricity  passing  along  the  one  carbon,  called  the  positive,  to 
the  other,  termed  the  negative  carbon.  The  incandescence  takes 
place,  as  already  described,  between  the  points  of  the  carbons  as  the 
current  passes  from  one  to  the  other  to  complete  the  electric  circuit. 
As  it  is  necessary,  in  order  to  obtain  a  steady  light,  that  the  gap  be- 
tween the  carbons  shall  be  uniformly  maintained,  some  mechanism 
has  to  be  arranged  to  move  them  towards  each  other  as  they  are 
consumed.  There  are  various  means  of  doing  this,  clutches,  springs, 
levers,  or  clockwork,  controlled  by  the  electric  current  itself,  being 
employed  in  different  ways,  and  forming  the  subject  of  numerous 
patents.  In  order  to  soften  and  diffuse  the  light,  and  to  arrest  the 
sparks  that  fall  from  the  burning  carbons,  it  is  usual  to  enclose 
the  lamp  in  an  opalescent  or  ground-glass  globe.  Arc  lamps  of  this 
sort  are  made  of  all  capacities  from  200  to  10,000  candles,  but  the 
great  majority  have  an  illuminating  power  of  between  1000  and  2000 
candles.  Allowing  for  loss  in  the  transmutation  of  forces  into 
electric  energy,  about  one  effective. horse-power  is  required  for  one 
looo-candle  lamp  taking  10  amperes;  but  larger  lamps  can  be  more 
economically  supplied,  and  under  such  circumstances  it  is  generally 
considered  that  2  candle-power  is  given  for  .every  watt  consumed. 
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The  nominal  lighting  capacity  of  arc  lamps  as  given  above  is 
measured  in  a  conventional  manner,  and  exceeds  that  which  is 
effectively  diffused.  The  cost  of  electric  arc  lamps  depends,  as  in 
the  case  of  gas  and  other  lamps,  a  good  deal  on  the  style  and 
ornament  as  well  as  on  the  system.  Thus,  a  looo  to  2000-candle 
Cost  of  are  lamps,  lamp  will  range  in  price  from  £^^  to  ;^io.     The  pair  of  carbons  for 

each  lamp  cost  from  2d,  to  6^.,  and  last,  according  to  their  kind, 
from  8  to  30  hours.  But  enclosed  arc  lamps  are  made  to  last 
250  hours.  The  cost  of  labour  in  replacing  and  adjusting  the 
carbons  has  also  to  be  considered. 

Great  care  is  necessary  in  the  selection  of  an  arc  lamp,  and 
equally  so  in  the  choice  of  carbons,  for,  even  if  the  lamp  be  a  good 
one,  it  may  flicker  and  vary  unpleasantly  if  inferior  or  unsuitable 
carbons  be  used  in  it.  A  continuous  current,  or  a  rectified  alternating 
current,  is  generally  deemed  moire  suitable  for  an  arc  lamp  than  an 
alternating  current,  but  there  are  advantages  and  drawbacks  in  each. 
In  a  continuous-current  lamp  the  positive  carbon  is  placed  in  the 
upper  part  of  the  lamp,  and  has  to  be  made  nearly  double  the  sec- 
tional area  or  double  the  length  of  the  negative  carbon,  because  it 
burns  away  approximately  twice  as  fast.  The  top  of  the  negative  or 
lower  carbon  forms  into  a  point,  while  the  end  of  the  positive  carbon 
forms  a  hollow  or  a  "  crater,"  from  which  the  bulk  of  the  light  is 
thrown  down  and  diffused  with  little  obstruction  from  the  lower 
carbon.  Moreover,  the  positive  carbon  is  provided  with  a  soft  core 
which  serves  to  keep  the  arc  burning  in  the  centre;  the  negative 
carbon  is  solid.  For  these  reasons  continuous-current  lamps  taking 
as  little  as  5  amperes  give  satisfactory  results ;  and  this  may  be 
deemed  the  minimum  size  of  arc  lamps,  though  those  taking  only 
3  amperes  are  occasionally  made.  In  an  arc  lamp  supplied  from  an 
alternating  current,  both  carbons,  as  they  bum  away  practically  at 
the  same  rate,  are  made  of  the  same  size,  and  much  of  the  light  is 
choked  between  the  two.  From  these  and  other  causes,  arc  lamps  so 
supplied  do  not  afford  a  satisfactory  light  with  less  than  from  10  to 
15  amperes.  When  the  lamps  are  used  indoors  the  humming  which 
is  apt  to  accompany  the  burning  of  alternate-current  lamps  is  an 
objection.  Because  of  these  disadvantages  it  is  usual,  when  an 
alternating  system  is  established,  to  either  put  down  a  separate  con- 
tinuous-current  generator  for  any  arc  lighting  that  may  be  required, 
or  to  "rectify"  the  alternating  current,  and  supply  the  rectified 
RtfccMftrs.        current  through  a  separate  main.     Up  to  1898  much  had  still  to  be 
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learnt  about  rectifiers,  which  had  not  long  been  introduced,  and 
as  to  the  effects  of  the  strongly  pulsating  current  they  produce. 
■  However,  it  may  be  said  in  favour  of  the  alternating  current  for 
arc  lamps,  that  while  the  pressure  required  by  a  continuous-current 
lamp  is  about  50  volts,  and  thus  only  two  can  be  run  in  series  in  a 
iio-volt  circuit,  three  alternating-current  lamps  may  be  run  in  series 
on  no  volts.  Although  the  same  expenditure  of  energy  in  the  two 
lamps  may  give  a  larger  volume  of  light  than  in  the  three  lamps, 
the  running  of  the  three  alternating-current  lamps  in  series  may  in 
some  special  cases  allow  of  a  better  distribution  of  the  light.  Again, 
if  in  the  case  of  an  alternating-current  supply  at  100  volts  only  one 
arc  lamp  be  required,  a  "  choking  "  coil  may  be  run  in  series  with 
the  lamps,  and  this  coil  absorbs  very  little  energy.  In  the  case  of 
the  continuous-current  lamp  run  from  a  loo-volt  supply,  the  resistance 
which  must  be  used  to  reduce  the  pressure  absorbs  as  much  energy 
as  the  lamp  itself.  Another  advantage  of  the  alternating  current  is 
that  one  arc  lamp  may,  where  necessary,  be  supplied  from  a  small 
. "  transformer  "  giving  current  at  the  proper  pressure. 


Transformers. 
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So  long  as  electric  lighting  could  be  effected  only  by  the  con- 
,  sumption  of  carbons,  which  need .  frequent  renewals  and  attention, 
and  an  apparatus  or  arrangement  at  each  lamp  which  could  not  be 
economically  applied  on  a  small  scale,  such  a  system  could  not  be 
widely  adapted  to  the  numerous  purposes  for  which  single  gas  burners 
and  oil  lamps  are  used.  If  instead  of  consumable  carbons,  platinum 
wire  conductors  be  rendered  incandescent,  a  moderate  light  can  be 
obtained  without  the  necessity  for  moving  parts  or  attention;  but 
platinum  is  expensive,  and  affords  no  practical  solution  of  this  problem. 
The  invention  of  the  so-called  Incandescent  or  Glow  lamps  by  Swan 
and  others  supplied  this  want.  In  these  lamps  there  is  a  continuous 
unbroken  conductor,  of  so  small  a  sectional  area  that  the  current  pass- 
ing through  it  meets  a  great  resistance,  and  generates  heat,  the  small 
conductor,  which  is  of  carbon,  becoming  white-hot  and  giving  forth  a 
brilliant  light.  The  conductor  in  the  lamp  is  usually  made  of  a  slight 
filament  of  carbonised  cotton,  cane,  or  other  fibre,  which,  if  it  were 
^  subjected  to  the  electric  current  while  exposed  to  the  air,  would  be 
burnt  up  in  an  instant.  An  essential  principle  of  the  incandescent 
lamp,  therefore,  is  that  in  the  glass  globe  where  the  incandescence 
occurs  a  vacuum  is  maintained,  so  that,  as  combustion  is  impossible 
without  oxygen,  the  filament  may  remain  unconsumed.     So  perfect 
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must  this  vacuum  be  that  special  pains  are  taken  to  produce  it,  and 
very  elaborate  mercury  or  Sprengel  pumps  have  been  devised  for 
this  purpose.  The  incandescent  fibres,  with  fair  treatment,  last  from 
700  to  1500  hours  before  they  perish,  when  the  lamp  becomes 
worthless  and  must  be  replaced.  The  above  principle  is  common  to 
all  incandescent  or  glow  lamps,  but  there  have  been  numerous  sub- 
sidiary inventions,  mainly  in  regard  to  the  shape,  material,  and  mode 
of  preparing  the  carbons,  and  the  manner  of  attaching  the  lamps  to 
the  conductors. 

Incandescent  lamps  for  ordinary  purposes  are  made  of  from  5  to 
32-candle-power,  and  where  a  more  brilliant  light  is  required,  as  for 
the  lighting  of  shop  fronts,  high  power  lamps  are  made  up  to 
500  candles.  Instead  of  such  powerful  lamps,  however,  it  is  gene- 
rally preferable  to  employ  a  group  of  16  or  32-candle-power  lamps 
instead  of  the  large  single  lamps.  Since  the  expiration  of  the  patents 
of  Edison  and  Swan  the  price  per  lamp  has  fallen  from  about  45*. 
to  prices  between  9^.  and  u.  6^.  each  for  ordinary  sizes,  there 
being  hardly  any  difference  in  price  from  8  to  32-candle-power. 
The  cheaper  lamps  may  be  used  where  there  is  much  breakage. 

A  certain  voltage  or  pressure  of  current  has  been  found  most 
suitable  for  particular  purposes.  When  lighting  by  incandescent 
lamps  was  first  established,  the  candle-power  specified  was  based  on 
a  current  of  100  volts  in  the  lamp  filaments,  a  pressure  which  the 
lamp  makers  could  meet.  This  pressure  became  stereotyped  com- 
mercially, and  was  generally  adopted.  Hence  the  continual  references 
by  electricians  and  manufacturers  to  lamps  of  100  and  no  volts  and 
sometimes  less.  Subsequently,  however,  lamps  have  been  made  with 
filaments  which  will  endure  a  higher  pressure,  and  become  incandes- 
cent with  any  desired  voltage  up  to  230  volts.  This  voltage  may  be 
deemed  about  the  maximum  for  incandescent  lamps  for  domestic 
use,  and  while  it  extends  the  range  within  which  lamps  can  be 
supplied  direct  from  a  low-tension  system,  it  involves  neither  danger 
nor  inconvenience.  It  must,  of  course,  be  borne  in  mind  that  as  the 
above  specified  pressures  are  those  in  the  lamp  filaments,  the  pressure 
given  out  by  the  generator  must  be  sufficient  to  allow  for  the  power 
absorbed  in  the-  resistance  of  the  leads  or  conductor- wires,  due  to 
their  length  or  to  insufficient  capacity.  The  loss  due  to  the  resist- 
ance of  the  leads  depends  on  their  sectional  area  or  capacity,  and  on 
the  quality  or  conductivity  of  the  copper.  Taking  as  a  basis  for 
computation  a  current  density  equal  to  1000  amperes  per  square  inch 
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of  sectional  area,  the  loss  would  amount  to  2*5  volts  per  100  yards, 
or  with  400  amperes  per  square  inch  (an  economical  rate  for  long 
distances)  the  drop  would  be  i  volt  per  100  yards.  The  pressure 
given  out  by  the  generator  must  therefore  be  greater,  to  allow  for 
such  loss,  than  that  required  in  the  lamp  filaments.  If,  for  instance, 
the  area  to  be  lighted  is  within  a  radius  of  800  yards  from  a  generator 
giving  a  current  of  200  volts,  it  might  appear  that  the  most  economical 
results  would  be  obtained  by  dividing  the  area  into  three  zones,  or 
belts,  the  lamps  in  the  inner  zone  having  filaments  equal  to  a  higher 
pressure  than  those  in  the  outer  zones.  But  it  is  found  more  con- 
venient in  practice  to  have  all  the  lamps  alike,  and  by  means  of 
feeder  conductors  radiating  from  the  generator,  and  of  sufficient 
capacity  to  transmit  with  little  loss,  to  so  connect  them  with  the 
local  distributing  wires  that  there  is  at  none  of  the  lamps  a  greater 
drop  in  pressure  than  4  volts.  If  it  be  much  greater  than  this,  the 
lamps  in  the  outer  zone  would  have  a  diminished  brilliancy,  or, 
conversely,  the  lamps  near  the  generator  would  burn  out. 

Up  to  the  year  1894  lamps  consumed  from  about  3^  to  4  watts  per 
candle-power,  and  lamps  up  to  32-candle-power,  say  for  factory  use 
or  otherwise,  where  the  price  of  electricity  is  low,  can  be  obtained  of 
this  efficiency.  For  use  in  towns,  where  electricity  is  relatively  dear, 
lamps  can  be  obtained  from  2]^  to  3  watts  per  candle.  This  higher 
efficiency  is  obtained  by  running  the  filament  at  a  higher  voltage  or 
pressure,  as  above  referred  to,  thus  reducing  the  life  of  the  lamp. 
The  extra  outlay  for  renewing  the  high-efficiency  lamps  should  be 
balanced  by  the  saving  in  the  cost  of  current,  but  this  much  depends 
on  an  unvarying  voltage  and  on  an  unvarying  quality  of  carbons. 

It  will  be  noticed  that,  light  for  light,  arc  lamps  are  much  more 
economical  than  incandescent  lamps,  but  they  are  only  suitable  for 
lighting  streets  or  open  spaces,  large  workshops  and  buildings.  For 
general  purposes  incandescent  lamps  are  to  be  preferred.  It  has 
been  proved  by  experience  that  32  or  50-candle  power  lamps  are 
best  suited  for  lighting  side  streets  or  other  open  places  too  small  or 
unimportant  for  arc  lamps. 
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The  supply  of  electric  light  to  towns  is  usually  carried  out  in  one 
of  two  ways,  i.e.  either  by 

The  Continuous-current  system,  coupled  generally  with  the 

use  of  storage  batteries  or  Accumulators,  or  by 
The  Alternating-current  system. 


264 


Ma/Ueson's  Aid  Book.  [ChXp.  XII. 


Continuous 
current. 


Storage  batteries. 
Accumulators. 


S«9  pagt  26a. 


Lrong  distance 
transmission. 


Limits  of  low- 
tension  supply. 


Division  into 
districU. 


A  supply  by  continuous  current  is  usually  on  the  "low-tension 
system,"  and,  broadly,  consists  of  a  network  of  mains,  laid  through- 
"out  the  streets,  which  is  supplied  by  "  feeders  "  coupled  direct  to  the 
dynamos.  The  dynamos  generate  current  at  a  pressure  of  from 
JOG  to  230  volts,  and  supply  direct  into  the  "feeders"  or  trunk 
mains,  and  may  be  connected  in  parallel  with  the  storage  batteries, 
which  play  a  most  important  part  in  a  well  arranged  low-tension 
system,  and  to  which  reference  wall  be  made  further  on.  These 
accumulators  serve  several  very  useful  purp)oses,  viz.  of  maintaining 
a  constant  pressure  during  sudden  changes  of  load,  supplying  the 
whole  network  during  hours  of  light  load  when  it  is  not  economical 
to  run  the  steam  plant,  and  also"  being  ready  at  any  moment  to 
assist  to  meet  a  heavy  load  in  cases  of  emergency,  when  perhaps 
only  a  small  portion  of  the  generating  plant  is  under  steam. 

The  use  of  200-volt  incandescent  lamps  widens  the  field  for 
what  may  still  be  classed  as  a  low-tension  system  of  lighting.  To 
transmit  the  same  energy  the  same  distance  with  the  same  loss  due 
to  resistance,  the  size  of  the  mains  can,  with  the  higher  voltage,  be 
reduced  to  one-half  the  previous  section,  or,  with  the  same  per- 
centage of  loss,  they  can  be  reduced  to  one-quarter  the  original  size. 
Or,  to  state  the  case  in  a  different  way,  either  four  times  the 
lighting  can  be  done  in  the  same  distance,  or  the  same  amount  of 
lighting  may  be  done  at  four  times  the  distance.  And,  although 
•the  cost  of  insulation  increases  with  the  pressure,  the  difference 
in  this  respiect  between  100  volts  and  200  volts,  or  between  200  and 
'^400,  is  so  slight  that  it  may  be  disregarded. 

Town  supply  on  the  low-tension  system  at  100  or  no  volts  can 
be  carried  out  economically  to  within  about  one-third  of  a  mile  radius 
of  the  generating  station,  and  with  230-volt  lamps  to  two-thirds  of 
a  mile,  but  beyond  these  distances  the  mains  have  to  be  made  large, 
or  the  percentage  of  loss  becomes  so  great  as  to  impose  a  heavy 
burden  on  the  undertaking.  To  meet  this  difficulty  in  large  towns 
two  or  more  stations  with  mains  interconnected  have  been  established, 
but  this  is  only  possible  where  the  demand  is  considerable.  In 
London  different  districts  have  been  assigned  to  separate  companies, 
and  where  the  area  served  from  one  station  is  limited,  the  low- 
tension  system  is  in  such  a  case  generally  used.  But  in  some  of  the 
metropolitan  districts  the  high-tension  system  is  used,  and  in  some 
both  methods,  and  this  diversity  is  likely  to  prove  inconvenient  in 
the  event  of  any  future  amalgamation. 
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The  want  of  some  means  by  which  the  electric  current  could  be 
economically  conveyed  long  distances  has  led  to  the  development  of 
the  second  of  the  two  methods  just  mentioned,  viz.  the  "  Alternating," 
sometimes  also  designated  as  the  "  High-Tension "  system.  This 
latter  definition  is  not  strictly  correct,  as  the  continuous  current  is 
also  sometimes  conveyed  at  a  tension  as  high  as  1000  volts.  As, 
however,  the  continuous  current  has  in  the  majority  of  cases  been 
distributed  and  applied  at  a  low  voltage,  while  the  alternating  current 
has  been  used  up  to  and  even  beyond  10,000  volts,  the  distinction  of 
"  high  "  and  "  low  "  has  an  accepted  conventional  meaning  which  is 
adopted  here. 

It  is  the  practice  in  ordinary  high-tension  stations  to  generate 
current  at,  say,  2000  volts,  and  this  is  reduced  to  the  pressure  suitable 
for  the  lamps  in  transformers,  which  are  simply  modifications  of  the 
well-known  induction  or  RuhmkorfF  coil.  A  core  of  laminated  soft 
iron  is  wound  with  two  sets  of  coils  of  insulated  wire  properly  pro- 
portioned ;  in  a  reducing  transformer  the  primary  coils  being  of  fine 
wire,  and  the  secondary  coils  of  stout  wire.  An  alternating  current, 
of  say  2000  volts  pressure,  is  passed  through  the  primary  coil  and 
induces  an  alternating  current,  but  of  lower  pressure  and  larger 
volume  in  the  secondary  coil,  that  is  to  say,  more  amperes  at  a  lower 
voltage.  Although  by  this  system  a  very  flexible  method  of  trans- 
mission of  electricity  to  a  distance  is  attained,  it  has  several  drawbacks, 
for,  while  by  adopting  the  high-tension  system  the  mains  may  be 
reduced  to  any  required  section,  and  the  losses  due  to  fall  of  pressure 
are  minimised,  the  losses  in  transformers  in  lighting  a  large  area  may 
be  considerable  during  hours  of  light  loads.  This  has  led  to  the 
"  banking  "  of  transformers,  wherever  possible,  instead  of  supplying 
each  house  from  a  separate  transformer.  The  "banking"  simply 
consists  of  forming  groups  of  transformers  in  suitable  positions,  which 
feed  into  a  low-tension  network,  as  described  under  the  direct-current 
system,  the  transformers  being  thrown  into  and  out  of  circuit  as  the 
external  load  varies,  either  by  automatic  devices  or  by  an  attendant. 
By  this  means  the  transformers  are  for  the  most  part  used  at  full  load, 
their  most  economical  point. 

Again,  although  in  the  high-tension  system  a  large  saving  of 
copper  is  effected  in  the  feeding  mains,  much  greater  precautions  as 
to  the  insulation  of  these  mains  have  to  l^e  adopted  than  in  the  low- 
tension  system,  and  these  precautions  involve  a  greater  outlay.  This, 
taken  together  with  the  cost  of  the  transformers,  and  of  the  sub- 
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stations  in  which  they  are  placed,  renders  the  high-tension  system 
less  suitable  for  lighting  areas  in  near  proximity  to  the  generating 
station  than  the  low-tension  system.     It  is  also  to  be  noted  in  this 
Dspredation  of   regard  that  the  rate  of  depreciation  on  mains  subjected  to  high 
Set  <uso  pagtt  ^Ti   pressures  and  on  the  transformers,  must  be  higher  than  in  the  case  of 
^^^         low-tension  mains,  especially  if  they  consist  of  bare  copper  strip  in 
brick  or  concrete  culverts.     Unless  the  distances  of  the  transformer 
stations  from  the  generating  station  are  sufficiently  great,  the  cost  of 
high-tension  mains  and  transformers  will  together  exceed  the  cost  of 
heavy  low-tension  mains.      As  in  the  lighting  of  towns  the  under- 
ground mains  form  a  considerable  portion,  often  half,  of  the  whole 
capital   outlay,  especially  where,  as  in  most   high-tension  systems, 
there  are  low-tension  distributing  mains,  full  weight  must  be  given 
to  these  points. 

In  the  case  of  a  continuous  current,  the  electric  energy  can  be 
stored  up  in  accumulators  for  future  use,  while  the  high-tension 
system  is  at  a  disadvantage  in  this  respect,  as  the  alternating  current 
cannot  be  put  into  secondary  batteries.  Therefore,  during  the  hours 
of  light  load  the  steam  or  other  motive  power  has  to  be  kept  con- 
tinuously working,  thus  making  the  station  charges  heavier  than  would 
be  the  case  if  the  demand  could  be  supplied  from  accumulators.  In 
some  high-tension  stations  secondary  batteries  have  been  introduced, 
the  plan  being  tried  of  charging  them  from  special  alternating-motor 
dynamos.     The  latter  have  not,  however,  proved  satisfactory. 

If  the  variation  in  the  demand  could  be  reduced  by  finding  direct 
employment  for  the  plant  at  times  when  little  or  no  lighting  was 
required,  the  high-tension  system  could  be  worked  to  greater  advan- 
tage.   For  this  reason,  the  need  for  some  employment  during  the  day, 
Day  use  of      which  ariscs  in  almost  all  undertakings  for  the  sale  of  electric  light, 
^^*"*'  is  strongest  in  the  case  of  high-tension  systems,  and  as  the  current 

can,  when  transformed,  be  used  for  power  and  heating,  it  is  offered 
to  manufacturers  and  others  at  a  rate  much  below  its  equivalent  in 
lighting  power.  Of  course  this  necessity  does  not  apply  with  such 
Water  power,  force  in  cases  where  electricity  is  generated  by  cheap  water  power. 
See  page  y:^  At  ottc  of  the  principal  railway  depots  in  London,  where  a  large 
electric  lighting  plant  has  been  established,  the  power  is  utilised  in 
the  daytime  for  working  deep-well  pumps  a  mile  distant. 

One  of  the  boldest  attempts  which  up  till  1897  has  been  made  in 

the  application  of  high  tension  for  lighting  purposes  is  that  by  the  elec- 

.Perranti  syatcm  trician  Ferranti,  who  generates  a  current  at  10,000  volts  at  Deptford, 
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where  ample  room  and  cheap  fuel  are  obtainable,  and  which  is  seven 
miles  from  the  lighting  area  in  London.  The  cables  are  laid  under- 
ground, and  convey  current  to  several  transformer  stations,  where  it  is 
reduced  to -a  pressure  of  2000  volts,  and  conveyed  to  banks  of 
transformers  at  various  points,  where  it  is  again  reduced  to  100  volts. 
The  same  principle  has  been  adopted  on  a  still  larger  scale  for 
conveying  energy  from  Niagara  to  Buffalo,  a  distance  of  about 
36  miles. 

An  ideal  system  for  a  town  thickly  populated  in  the  neighbourhood 
of  the  station,  but  stretching  far  away  with  a  sparse  population  in  the 
outlying  districts,  is  a  combination  of  the  low-tension  and  high-tension 
systems.  This  method,  which  may  be  classed  as  a  third  system  of 
distribution,  lying  between  the  two  methods  just  described,  is  a  con- 
tinuous-current transformer  system.  In  this  the  supply  near  the 
generating  station  is  carried  out  on  the  low-tension  system;  but  the 
supply  to  the  outlying  districts  is  performed  through  the  aid  of  con- 
tinuous-current transformers,  which  are  supplied  with  current  at 
pressures  up  to  looo  volts,  and  give  out  current  at  the  lower  pressure 
required.  The  continuous-current  transformer  is  an  ordinary  motor, 
in  which  the  armature  is  wound  with  two  sets  of  coils,  one  set  wound 
with  fine  wire  (termed  the  primary)  and  one  with  large  wnre  (termed 
the  secondary),  each  winding  being  provided  with  a  separate  commu- 
tator and  brushes.  As  the  continuous-current  transformers  are  rotary 
machines,  having  brushes  requiring  attention,  they  are  more  expen- 
sive in  first  cost  than  the  alternating-current  transformers,  but  they 
have  been  so  perfected  that  they  will  work  for  many  months  without 
attention,  and  the  system  admits  of  the  use  of  storage  batteries  for 
accumulating  the  supply  during  hours  of  light  load. 

There  are  several  methods  of  laying  electric  light  mains  and  wires, 
which  may  be  briefly  described.  In  regard  to  cost,  overhead  wires 
are  much  to  be  preferred,  especially  in  scattered  districts,  where  if 
buried  wires  are  insisted  upon  by  the  local  authorities  the  cost  may 
be  so  great  as  to  forbid  the  undertaking.  Bare  wires  supported  on 
insulators  are,  however,  not  to  be  recommended  near  houses  where 
they  convey  a  continuous  current  at  a  pressure  exceeding  500  volts, 
or  an  alternating  current  above  300  volts,  as  anything  beyond  these 
pressures  involves  danger  to  life  in  case  of  accidental  contact.  There 
is  no  reason,  however,  why  bare  wires  or  conductors  should  not  be  Bare  conductors, 
used  for  conveying  current  at  almost  any  pressure  when  they  pass 
through  private  property,  or  through  a  sparsely  peopled  district,  pro- 
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vided  they  are  properly  fixed,  on  poles  raising  them  a  safe  distance 
above  the  ground,  and  due  care  exercised  to  prevent  leakage.  In  most 
large  towns  overhead  wires  are  prohibited  by  the  local  authorities, 
and  cables  efficiently  covered  with  insulating  compound,  and  which 
therefore  are  costly,  are  laid  underground  in  pipes  or  conduits  of 
stoneware,  iron,  and  other  material.  As  a  cheaper  plan  "  armoured  " 
cables  are  laid  direct  in  the  ground  without  conduits.  In  either  case 
junction-boxes  are  provided  at  intervals,  where  the  house  supply  con- 
ductors are  connected  to  the  cables. 

With  a  low-tension  supply  the  mains  are  often  simply  strips  of 
copper  laid  in  concrete  or  brick  culverts,  supported  at  intervals  on 
glass  or  porcelain  insulators,  and  slightly  strained  so  as  to  hang  clear 
of  the  walls  and  bottom  of  the  culvert.  This  method  has  met 
with  considerable  success,  the  first  cost  as  well  as  the  expense  of 
maintenance  and  repairs  being  much  smaller  than  with  cables,  and 
the  facility  with  which  new  strips,  or  strips  of  larger  capacity,  are 
laid  as  the  undertaking  grows  is  found  very  advantageous. 
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s  orage.         means  of  electric  storage,  so  as  not  to  depend  upon  connection  with 

a  continually-working  generator,  soon  became  apparent,  for  by  this 

means  the  generating  dynamos  need  not  be  constantly  at  work ;  and, 

storsgc  batteries  moreover,   the   motive   force,   instead   of   being  sufficient  for  the 

described. 

See  ais0  pag9  ^66.    maximum  call,  as  when  all   the  lamps  are  alight,  need  only  be 

enough  for  the  average  daily  consumption.  In  fact,  the  storage 
batteries  serve  the  same  purpose  as  do  hydraulic  accumulators 
for  serving  numerous  cranes,  and  in  many  cases  an  engine  working 
for  half  a  day  can  generate  enough  electricity  for  seven  nights* 
lighting.  There  are  certain  substances,  such  as  lead,  which  if  sub- 
jected to  the  action  of  an  electric  current,  when  immersed  in  a 
suitable  fluid,  change  their  chemical  condition,  the  electricity  being 
employed  in  effecting  the  chemical  change.  The  substance  thus 
treated  may,  when  arranged  in  plates  in  a  suitable  box  or  chamber 
of  non-conducting  material,  be  made  to  give  out  this  stored-up 
energy  somewhat  in  the  same  way  as  a  galvanic  battery  does ; 
and  as  the  storage  battery  when  exhausted  can  be  replenished  by 
again  connecting  it  with  a  generator,  there  is  not  the  great  expense 
which  attends  the  original  production  of  electricity  in  a  primary 
battery.  There  are  numerous  methods  of  applying  the  above 
principle,  and  invention  has  been  successfully  directed  to  overcome 
difficulties  in  the  loss  during  the  conversion  of  the  current,  in  the 


See  page  91^. 


Part  I.]  Electric  Lighting.  269 

leakage  of  electricity,  and  in  the  premature  or  irregular  disintegration 

of  the  chemical  material.     Lead,  in  the  metallic  or  oxide  forms,  is 

the  material  most  commonly  employed ;  while  leakage  is  avoided  .Leakage  avoided. 

by  using  boxes  lined  with  sheet  lead,  or  even,  where  only  small  cells 

are  required,  by  casting  the  boxes  in  one  piece. from  molten  glass,  so 

avoiding  all  seams  or  joints.     Glass  boxes  are,  however,  liable  to 

fracture  from  frost.     Storage  batteries  or  accumulators  are  obviously 

useful  in  providing  against  the  sudden  cessation  of  light  from  the 

accidental  stoppage  of  a  motor  or  generator.     Even  where  no  storage 

is  necessary  electric  lighting  is,  in  the  case  of  a  motor  liable  to 

variation  of  speed  and  unsteadiness,  rendered  more  equable  when 

the  current  is  passed  through  a  storage  battery  as  a  regulator.     Thus 

motors  running  at  irregular  speeds  may  be  utilised,  if  the  maximum   irregular  ■peeds 

speed  is  provided  for — ^and  after  passing  through  accumulators  the 

electric  current  may  be  applied  at  a  constant  pressure.    For  instance, 

if  the  only  motor  available  is  one  used  also  for  other  purposes  and  is 

irregular  in  speed,  or,  as  another  instance,  where  in  the  lighting  of 

railway  trains,  power  has  been  supplied  to  the  dynamo  from  one  of 

the  running  axles,  the  variation  so  produced  in  the  dynamo  would  be 

quite  unsuitable  if  the  currents  were  applied  directly  to  the  lamps. 

By  means  of  portable  storage  batteries  or  accumulators  electric         Portable 
lighting  can  be  carried  on  for  a  time  without  a  generator.     For  con-  iv*a/r«rTRAMCARs. 
veyance  to  a  distance,  the  storage  batteries  are  arranged  in  boxes  of        >*»/»3«5- 
moderate  size  and  weight,  and  if  the  accumulators  could  be  rendered 
lighter  and  cheaper  their  use  would  be  greatly  extended.     Under  the  weight  and  cost, 
most  favourable  circumstances  they  weigh  from  100  lbs.  to  130  lbs.  per 
horse-power  hour.    In  order  to  provide  for  five  hours'  illumination  by 
100  i6-candle  incandescent  lamps,  storage  batteries  weighing  nearly 
4  tons  would  be  required.     Besides  the  loss  of  energy  in  the  trans- 
mutation, there  are  also  the  hire  and  deterioration  of  batteries  having 
an  original  cost  of  about  ;^3  per  lamp.     Such  batteries  are  con- 
veniently used  for  the  temporary  lighting  of  buildings,  for  lighting 
railway  carriages,  and  small  portable  storage  batteries  are  useful  as 
safety  lamps  for  mines,  and  for  a  variety  of  other  purposes. 

In  1882  the  Electric  Lighting  Act  was  passed,  which  regulated  in  Electric  Lighting 
Great  Britain  the  terms  on  which  local  authorities,  or  joint-stock 
companies    established    for    profit    could,    under    the    powers    of 
Provisional  Orders,  undertake  public  electric  lighting.     In  this  Act  powers  granted, 
the   right   to   open  up   the   streets  and   lay   electric   conductors   is 
granted,  subject  to  certain  limitations  in  the  use  of  overhead  wires.      Restrictions. 
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and  stringent  regulations  for  the  protection  of  telegraph  wires.  Most 
of  these  regulations  applied  equally  to  local  authorities  who  seek 
powers  and  to  private  companies,  but  with  a  view  of  safeguarding  the 
community  against  such  permanent  monopolies  as  already  existed  in 
regard  to  gas  and  water  supply,  it  was  enacted  that  the  local  authority 
should,  in  every  case,  have  the  right  at  the  end  of  21  years,  to  buy 
up  the  undertaking  at  the  then  value  of  the  plant,  and  without  any 
addition  in  respect  of  compulsory  purchase  or  goodwill.  These 
terms  proved  too  onerous,  and,  as  it  was  found  that  capitalists  would 
not  take  the  risks  of  such  enterprises  without  the  potential  or  specu- 
lative profit  which  a  longer  term  affords,  an  amending  Act  was 
passed  in  1888  extending  to  42  years,  the  time  when  the  option  of 
purchase  should  become  operative.  The  two  Acts  are  read  and 
construed  together  as  one  Act,  and  may  be  cited  together  as  the 
Electric  Lighting  Acts  of  1882  and  1888. 

But  other  terms  of  pre-emption  may  be  made  by  mutual  agree- 
ment between  the  parties  concerned,  and  embodied  in  a  Provisional 
Order.  Where  a  municipality  is  unable  or  unwilling  to  spend  public 
money  on  a  new  undertaking  involving  risk,  but  desires  to  have  the 
opportunity  of  acquiring  it  when  the  risk  is  past,  it  is  not  unusual  to 
stipulate  that  the  undertaking  may  be  acquired  after  21  years  at  a 
moderate  premium,  or  at  any  time  in  exchange  for  so  much  of  the  Cor- 
poration Stock  as  will  provide  in  interest  an  income  equal  to  5  per 
cent,  on  the  capital  of  the  Electric  Lighting  Company  that  has  been 
properly  expended.     Leeds  and  Sheffield  were  so  acquired  in  1898. 

Under  the  powers  of  the  Acts  of  1882-88,  the  Board  of  Trade 
established  certain  regulations — 

{a)  For  ensuring  the  safety  of  the  public. 

(b)  For  ensuring  a  proper  and  sufficient  supply  of  electrical  energy. 

In  these  regulations  the  expression  "  pressure  "  means  the  differ- 
ence of  electrical  potential  between  any  two  conductors  through 
which  a  supply  of  energy  is  given,  or  between  any  part  of  either 
conductor  and  the  earth ;  and — 

{a)  Where  the  conditions  of  the  supply  are  such  that  the  pressure 
may  at  any  time  exceed  500  volts  if  continuous,  or  250  volts  if 
alternating,  but  cannot  exceed  3000  volts,  whether  continuous  or 
alternating,  the  supply  shall  be  deemed  a  High-pressure  supply. 

{b)  Where  the  conditions  of  the  supply  are  such  that  the  pressure 
may  on  either  system  exceed  3000  volts,  the  supply  shall  be  deemed 
an  Extra  high-pressure  supply. 
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1.  The  pressure  of  a  Supply  delivered  to  any  consumer  shall  not 
exceed  250  volts  at  any  pair  of  terminals,  except  with  the  express 
approval  of  the  Board  of  Trade  given  for  special  purposes. 

2.  The  pressure  of  a  supply  delivered  to  a  Transforming  station 
or  to  transforming  apparatus  on  a  consumer's  premises  may  exceed 
250  volts,  but  shall  not  exceed  the  limits  of  high  pressure. 

3.  An  extra  high-pressure  supply  shall  not  be  given  except  to 
distributing  stations  or  other  special  premises,  and  with  the  written 
consent  of  the  Board  of  Trade,  and  subject  to  such  regulations  and 
conditions  as  the  Board  may  prescribe. 

4.  The  maximum  Working  current  in  any  conductor  shall  not  be 
sufficient  to  raise  the  temperature  of  the  conductor  or  any  part  thereof 
to  such  an  extent  as  to  materially  alter  the  physical  condition  or 
specific  resistance  of  the  insulating  covering,  if  any,  or  in  any  case 
to  raise  such  temperature  to  a  greater  extent  that  30°  Fahr.  The  cross 
sectional  area  and  conductivity  at  joints  must  be  sufficient  to  avoid 
local  heating,  and  the  joints  must  be  protected  against  corrosion. 

5.  The  sectional  area  of  the  Conductor  in  any  electric  line  laid  or 
erected  in  any  street  after  the  date  of  these  regulations  shall  not  be 
less  than  the  area  of  a  circle  of  one-tenth  of  an  inch  diameter,  and, 
where  the  conductor  is  formed  of  a  strand  of  wires,  each  separate 
wire  shall  be  at  least  as  large  as  No.  20  standard  wire  gauge. 

6.  All  material  used  for  Insulating  electric  lines  or  apparatus 
shall  be  of  the  best  quality,  and  thoroughly  durable  and  efficient, 
having  regard  to  the  conditions  of  its  use.  Suitable  provision  shall 
be  made  for  the  protection  of  the  insulating  material  against  injury 
or  removal.  If  the  protection  so  provided  be  wholly  or  partly 
metallic,  it  shall  be  efficiently  connected  with  earth. 

7.  Every  main  shall  be  Tested  for  insulation  after  having  been 
placed  in  position  and  before  it  is  used  for  the  purposes  of  supply, 
the  testing  pressure  being  at  least  200  volts,  and  the  constructors 
shall  duly  record  the  results  of  the  tests  of  each  main,  or  section  of 
a  main. 

8.  The  insulation  of  every  complete  circuit  used  for  the  supply  of 
energy,  including  all  machinery,  apparatus,  and  devices  forming  part 
of,  or  in  connection  with,  such  circuit,  shall  be  so  maintained  that 
the  Leakage  current  shall  not  under  any  conditions  exceed  one- 
thousandth  part  of  the  maximum  supply  current ;  and  suitable  means 
shall  be  provided  for  the  immediate  indication  and  localisation  of 
leakage.     Every  leakage  shall  be  remedied  without  delay. 
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9.  Every  high-pressure  conductor  laid  after  the  date  of  these 
regulations  shall  be  continuously  covered  with  insulating  material 
to  a  Thickness  of  not  less  than  one-tenth  part  of  an  inch ;  and  in  cases 
where  the  extreme  difference  of  potential  in  the  circuit  exceeds 
2000  volts,  the  thickness  of  insulating  material  shall  not  be  less  in 
inches  or  parts  of  an  inch  than  the  number  obtained  by  dividing  the 
number  expressing  the  volts  by  20,000. 

13.  A  high-pressure  electric  line  shall  not  be  used  for  the  trans- 
mission of  more  than  300,000  watts,  or  in  the  case  of  an  aerial  line 
50,000  watts,  except  with  the  consent  in  writing  of  the  Board  of 
Trade,  and  efficient  means  shall  be  provided  to  prevent  this  limit 
being  at  any  time  exceeded. 

16.  Every  aerial  line  shall  be  attached  to  Supports  at  intervals 
not  exceeding  200  feet  where  the  direction  of  the  line  is  straight,  or 
150  feet  where  the  direction  is  curved  or  where  the  line  makes  a 
horizontal  angle  at  the  point  of  support. 

19.  An  aerial  line  shall  not  in  any  part  thereof  be  at  a  less 
height  from  the  ground  than  20  feet,  or  where  it  crosses  a  street 
35  feet,  or  within  5  feet  measured  horizontally  or  7  feet  measured 
vertically  from  any  building  or  erection  other  than  a  support  for  the 
line,  except  where  brought  into  a  building  for  the  purpose  of  supply. 

21.  Where  an  aerial  line  crosses  a  street,  the  Angle  between  the 
line  and  the  direction  of  the  street  at  the  place  of  crossing  shall  not 
be  less  than  60  degrees,  and  the  spans  shall  be  as  short  as  possible. 

23.  Every  high-pressure  aerial  line  shall  be  efficiently  Suspended 
by  means  of  insulating  ligaments  to  suspending  wires,  so  that  the 
weight  of  the  line  does  not  produce  any  sensible  stress  in  the  direc- 
tion pf  its  length.  All  suspending  wires,  if  of  iron  or  steel,  shall  be 
galvanised. 

24.  In  the  case  of  any  high-pressure  aerial  line  exceeding  one 
half  mile  in  total  length,  means  shall  be  provided  whereby  the 
pressure  may  be  Discharged  from  any  portion  of  the  lin^  erected  over 
or  alongside  of  any  building  or  buildings  without  loss  of  tjnie  in  case 
of  fire  or  other  emergency. 

27.  All  conduits,  pip)es,  casings,  and  street  boxes  used  as  recep- 
tacles for  electric  lines  shall  be  constructed  of  Durable  mat^ricU^  and 
where  laid  under  carriageways  shall  be  of  ample  strength  to  prevent 
.damage  from  heavy  traffic ;  and  reasonable  means  shall  be  taken  to 
prevent  accumulation  of  gas  in  such  receptacles. 

28.  Where  any  electric  line  crosses,  or  is  in  proximity  to,  any 


Part  I.] 


Electric  Lighting. 


273 


metallic  substance,  special  precautions  shall  be  taken  against  the 
possibility  of  any  electrical  Discharge  to  the  metallic  substance  from 
the  line  or  from  any  metal  conduit  pipe  or  casing  enclosing  the  line. 

29.  All  metal  conduits,  pipes  or  casings  containing  any  electric 
line  shall  be  efficiently  connected  with  earth ;  and  shall  be  so 
jointed  and  connected  across  all  street  boxes  and  other  openings 
as  to  make  good  electrical  connection  throughout  their  whole  length. 

30.  Where  isolated  lengths  of  metal  conduit,  pipe,  or  casing  are 
used  for  the  protection  of  any  electric  line  at  road  crossings  or 
similar  positions,  special  Precautions  shall  be  taken  to  prevent  the 
possibility  of  any  electrical  charging  thereof. 

31.  Where  the  conductors  of  electric  lines  placed  in  any  conduit 
are  not  Continuously  covered  with  insulating  material  they  shall  be 
secured  in  position,  and  no  unfixed  uninsulated  material  of  a 
conducting  nature  shall  be  contained  in  the  conduit.  No  such 
conductor  shall  be  at  a  higher  potential  than  300  volts. 

Adequate  precautions  shall  also  be  taken  to  ensure  that  no 
accumulation  of  water  shall  take  place  in  any  part  of  the  conduit, 
and  to  prevent  any  dangerous  access  of  Moisture  to  the  conductors 
or  the  insulators. 

In  the  case  of  any  such  electric  lines  laid  in  conduits  after  the 
date  of  these  regulations,  the  insulators  shall  be  so  disposed  that  they 
can  be  readily  inspected. 

32.  Every  portion  of  any  high- pressure  electric  line  placed  above 
the  surface  of  the  ground,  or  in  any  subway  not  in  the  sole  occupa- 
tion of  the  electric  lighting  company,  shall  be  completely  Enclosed 
either  in  a  tube  of  highly-insulating  material  embedded  in  brickwork, 
masonry,  or  cement  concrete,  or  in  strong  metal  casing  efficiently 
connected  with  earth. 

33.  Where  any  high-pressure  electric  line  is  laid  beneath  the 
surface  of  the  groiuid,  efficient  means  shall  be  taken  to  render  it 
impossible  that  the  surface  of  the  ground  or  any  neighbouring  electric 
line  or  conductor  shall  become  Charged  by  leakage  from  the  high- 
pressure  electric  line. 

34.  In  addition  to  the  provisions  contained  in  Regulation  27  as 
to  the  construction  of  receptacles  for  electric  lines,  the  following 
regulations  shall  be  observed  with  respect  to  the  construction  of  street 
boxes  : — 

(a)  The  covers  of  all  Street  boxes  shall  be  so  secured  that  they 
cannot  be  opened  except  by  means  of  a  special  appliance. 
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{b)  The  Covers  of  all  street  boxes  containing  high-pressure 
apparatus  other  than  cables  shall  be  connected  to  strips  of  metal 
laid  immediately  underneath  the  adjacent  roadway,  and  efficient 
means  shall  be  taken  to  render  it  impossible  that  the  covers  or  other 
exposed  parts  of  these  boxes,  or  any  adjacent  material  forming  the 
surface  of  the  street,  shall  become  electrically  charged,  whether  by 
reason  of  leakage,  defect,  or  otherwise. 

{c)  Where  street  boxes  are  used  as  transformer  chambers,  reason- 
able means  shall  be  taken  to  prevent  as  far  as  possible  any  influx 
of  Water^  either  from  the  adjacent  soil  or  by  means  of  pipes  ;  and  in 
the  case  of  any  such  street  box  exceeding  one  cubic  yard  in  capacity, 
ample  provision  shall  be  made,  by  ventilation  or  otherwise,  for  the 
immediate  escape  of  any  gas  which  may  by  accident  have  obtained 
access  to  the  box,  and  for  the  prevention  of  danger  from  sparking. 

(d)  All  street  boxes  shall  be  regularly  inspected  for  the  presence 
of  Gas^  and  if  any  influx  or  accumulation  is  discovered,  immediate 
notice  shall  be  given  to  the  authority  or  company  whose  gas  mains 
are  laid  in  the  neighbourhood  of  the  street  box. 

39.  All  electric  lines  and  apparatus  placed  on  a  consumer's 
premises  shall  be  highly  insulated  and  thoroughly  Protected  against 
injury  to  the  insulation  or  access  of  moisture,  and  any  metal  forming 
part  of  the  electric  circuit  shall  not,  unless  efficiently  connected  with 
earth,  be  exposed  so  that  it  can  be  touched.  All  electric  lines  shall 
be  so  fixed  and  protected  as  to  prevent  the  possibility  of  electrical 
discharge  to  any  adjacent  metallic  substance. 

40.  Where  the  general  supply  of  energy  is  a  high-pressure  supply, 
and  transforming  apparatus  is  installed  on  a  consumer's  premises, 
the  whole  of  the  high-pressure  service  lines,  conductors,  and  apparatus, 
including  the  transforming  apparatus  itself,  so  far  as  they  are  on  the 
consumer's  premises,  shall  be  completdy  Enclosed  in  solid  walls,  or 
in  strong  metal  casing  efficiently  connected  with  earth  and  securely 
fastened  throughout. 

44.  All  arc  Lamps  shall  be  so  guarded  as  to  prevent  pieces  of 
ignited  carbon  or  broken  glass  falling  from  them,  and  shall  not  be 
used  in  situations  where  there  is  any  danger  of  the  presence  of 
explosive  dust  or  gas. 

45.  Arc  lamps  used  in  any  street  for  public  lighting  shall  be  so 
fixed  as  not  to  be  in  any  part  at  a  less  HeigJii  than  10  feet  from  the 
ground. 

46.  Arc  lamps  used  in  any  street  for  private  lighting  shall  be 
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fixed  so  as  not  to  be  in  any  part  at  a  less  Height  than  8  feet  from  the 
ground,  and  shall  be  so  screened  as  to  prevent  risk  of  contact  with 
persons.  A  cut-off  switch,  fixed  in  a  suitable  locked  receptacle,  shall 
be  provided  for  every  high-pressure  arc  lamp,  and  such  switch  shall 
be  of  such  pattern  and  construction  as  will  provide  : — 

(a)  That  the  lamp  can  by  its  means  be  entirely  disconnected 
from  the  supply  circuit ; 

(b)  That  the  switch  itself  can  be  safely  operated  in  the  dark 
without  special  precautions ;  and 

(t)  That  there  shall  be  no  danger  of  any  injurious  electrical  arcing, 
sparking,  or  heating  being  caused  by  the  operation  of  the  switch. 

The  foregoing  rules  are  all  liable  to  modifications  or  additions 
from  time  to  time,  and  penalties  are  prescribed  for  their  infraction. 

But  besides  these  Board  of  Trade  regulations,  there  are  also  those 
of  the  Fire  Insurance  Offices,  who,  in  order  to  ensure  safety  against 
fire,  have  made  rules  as  to  the  strength  of  current  as  well  as  to  the 
insulation  of  conductors.  Copies  of  these  regulations — ^which,  how- 
ever, apply  only  to  short  conductors,  as  in  the  wiring  of  houses, 
hotels,  factories  and  theatres — are  furnished  to  insurers,  and  con- 
formity to  them  is  verified  by  qualified  surveyors  before  a  policy  of 
assurance  is  granted.  A  density  current  of  1000  amperes  per  square 
inch  of  conductor  is  permitted. 

The  Institution  of  Electrical  Engineers  in  Great  Britain  has  also 
issued  rules  which  may  conveniently  be  used  in  specifications  as  a 
basis  for  contracts.  It  is  to  be  noted  that  as  the  inspection  of  local 
fittings  and  apparatus  by  corporations  and  companies  who  supply 
electric  energy,  and  of  the  Fire  Insurance  Companies,  are  only  in 
their  own  interests  and  for  the  purpose  of  insuring  the  public  safety, 
they  do  not  guarantee  to  private  parties  that  the  work  is  done  well 
throughout. 


Penalties. 


Fire  insurance 
rules. 


In  comparing  the  Cost  and  Advantages  of  Electric  Lighting  with 
those  of  Gas  or  other  illuminants,  a  variety  of  circumstances  have 
to  be  considered  which  vary  in  almost  every  case. 

The  introduction  of  the  electric  light  was  retarded  by  the  fact 
that  gas  lighting  was  already  established,  and  the  question  could 
not  be  settled  merely  on  a  comparison  of  merits.  Thus  arose  the 
apparent  anomaly  that  new  districts  and  towns  having  no  gas-works, 
and  as  therefore  affording  unrestricted  openings,  were  equipped  with 
the  electric  light  before  more  advanced  towns  and  cities,  where  the 
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pecuniary  results  apj)eared  doubtful.  But  experience  has  now  fully 
proved  the  advantages  of  electric  lighting,  the  incidents  of  produc- 
tion, distribution  and  sale  are  known,  so  that  calculations  of  cost 
and  profit  can  be  made  with  reasonable  certainty. 

It  may  be  said  that  while  in  countries  where  oil  and  coal-gas  are 
as  cheap  as  in  England  electric  lighting  is  generally  dearer  than 
other  systems  of  illumination,  the  sui)eriority  of  the  electric  light 
greatly  exceeds  the  extra  cost.  Secondly,  in  regard  to  the  quality  of 
the  light,  electric  lamps  give  out  little  heat,  and  are  free  from  the 
bituminous  deposits  and  the  vapour  which  in  gas  lighting  are  dele- 
terious to  the  atmosphere,  as  well  as  to  pictures,  books  and  domestic 
fittings.  Further,  it  is  generally  more  convenient  to  lay  conductors 
than  gas-pipes,  and  there  is  not  the  risk  of  fire  and  explosions  which 
always  more  or  less  attend  the  use  of  gas.  So  much  is  electric  light- 
ing recognised  as  the  system  of  the  future,  that  even  in  towns  where 
it  is  not  yet  established  it  is  deemed  expedient  when  new  houses  are 
built  to  "wire"  them  ready  for  the  electric  light  instead  of  laying 
gas-pipes.     The  cost  of  such  wiring  is  about  251.  per  lamp. 

It  is  by  some  objected  that  the  electric  light,  proceeding  as  it 

does  from  one  point  or  line  of  light,  does  not  diffuse  itself  as  well  as 

Diffusion  of  light,  gas,  and  casts  sharper  shadows.     This,  however,  may  be  to  a  great 

extent  obviated  by  lightly  frosting  the  bulbs  of  the  lamps,  a  plan 
which,  although  it  slightly  reduces  the  light,  tends  to  the  more  com- 
plete diffusion  of  the  light.  Where  the  heavy  shadows  cast  by  the 
arc  lamp  cannot  be  sufficiently  reduced  by  enclosing  the  arc  in  a 
frosted  or  opalescent  globe,  inverted  arc  lamps  may  be  employed. 
In  an  inverted  lamp  the  mechanism  is  arranged  below  the  carbons, 
and  the  positive  or  larger  carbon  is  placed  beneath  the  negative  and 
a  whitened  reflector  is  placed  beneath  the  arc.  By  this  means  all 
the  light  is  thrown  upwards  on  to  the  ceiling  or  roof,  and  the  latter 
having  been  rendered  as  white  as  possible  throws  the  light  downwards 
and  diffuses  it  uniformly.  This  method  has  been  successfully  applied 
to  the  lighting  of  workshops  and  mills. 

In  any  system  of  town  supply  or  public  lighting  the  area  and 
population  to  be  supplied  also  affect  the  comparative  cost.  The 
production  of  gas  is  proportionately  much  cheaper  on  a  large  than 
on  a  small  scale,  partly  because  the  manufacture,  storage  and  distri- 
bution are  cheaper,  but  largely  also  because  the  sale  of  bye-products, 
which  go  far  to  determine  the  net  cost  of  the  gas,  is  much  more  profit- 
able where  the  quantities  are  considerable.    Thus  in  London  and  other 
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large  cities  illuminating  gas  is  sold  with  profit  at  prices  much  below 
those  possible  in  small  towns.  In  London  gas  sells  for  from  2J.  to 
3^.  per  thousand  cubic  feet,  while  in  small  towns  prices  range  from 
3J.  to  yj.  With  electric  lighting,  on  the  contrary,  a  town  or  district 
of  20,000  inhabitants  can,  if  not  too  widely  spread,  be  supplied  nearly 
as  cheaply  as  in  the  largest  city,  because  in  the  latter  case  numerous 
centres  of  generation  and  distribution  would  be  necessary.  Electric 
light  companies  generally  charge  prices  graduated  according  to  the 
amount  consumed  as  recorded  by  an  electric  meter,  the  rate  or  price 
per  unit  becoming  less  as  the  amount  consumed  becomes  larger. 

In  London  the  maximum  price  charged  by  the  public  lighting  prices  per  unit 
companies  has  been  fixed  at  8/.  per  unit,  the  rate  which  private 
users  actually  pay  ranges  (1898)  from  6^.  to  8//. ;  but  for  large  con- 
sumers lower  rates  are  allowed  for  day  consumption,  and  some  com- 
panies will  supply  at  3^.  or  even  2//.  per  unit.  It  is  found  that  if 
electric  lamps  are  methodically  switched  off  when  not  in  use  the  light 
is  really  little  more  expensive  than  gas,  for  it  is  not  possible  to  econo- 
mise with  gas  in  the  same  manner.  If  the  price  per  unit  for  the 
electric  lighting  be  multiplied  by  10  the  result  will  give  approximately 
the  equivalent  in  gas  per  1,000  feet.  As  an  example,  if  the  electric 
light  be  supplied  at  3^^.  per  unit  it  equals  in  cost  gas  at  35</.  per 
1,000  feet,  or  if  at  6//.  per  unit  gas  at  60.-/.  per  1,000  feet.  But  this 
comparison  does  not  take  into  account  the  saving  by  the  purer  light, 
namely,  the  reduced  cost  of  house  decoration  where  electric  light  is 
employed,  as  against  the  renovation  of  decorations  injured  by  gas 
fumes,  a  saving  which  is  often  considerable;  or  the  greater  con- 
venience in  placing  the  light  so  that  it  can  be  fixed  exactly  where 
wanted. 

In  comparing  the  cost  of  electric  lighting  with  that  of  gas,  it  must 
be  remembered  that  everything  connected  with  the  production  and 
use  of  electricity  is  being  gradually  improved  and  cheapened,  while  the 
older  system  of  gas  lighting  has  reached  a  more  permanent  stage  of 
development.  Undoubtedly  the  competition  of  electricity  has  stimu- 
lated improvements  in  gas  lighting.  The  brilliant  light  afforded  by 
incandescent  gas  burners  is  a  notable  example.  The  direction  in 
which  further  economy  appears  likely,  is  in  the  utilisation  of  bye- 
products. 

For  public  lighting  efficiency  much  depends  on  the  skilful  dis- 
position of  the  lamps  and  diffusion  of  the  light.  While  street  gan 
pillars  are  generally  8  ft.  high,  placed  from  150  ft.  to  300  ft.  apart, 
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arc  lamps  23  ft.  high  can  be  effectively  disposed  at  intervals  of  500  ft. 
(For  narrow  streets  32-candle  incandescent  lamps  in  lanterns  may  be 
sufficient.)  In  wide  or  important  streets  the  pillars  may  be  erected 
in  the  middle  of  the  street,  and  where  there  is  not  room  for  this 
the  lamps  may  be  hung  from  conductors  suspended  across  the  street, 
as  at  Milan  and  elsewhere.  The  plan  of  having  powerful  lamps  of 
5,000  candle-power  and  upwards  on  lofty  towers  or  framed  standards 
a  quarter  of  a  mile  or  more  apart  has  not  proved  successful,  as  so 
much  of  the  light  is  wasted. 

When  electricity  is  generated  privately  for  lighting  a  factory  or 
large  hotel  the  cost  will  vary  from  2d.  to  5^/.  per  unit,  according  to 
the  size  of  the  installation,  the  facilities  for  generating  electricity,  and 
the  cost  of  fuel.  In  a  factory  it  frequently  happens  that  steam  is 
generated  on  a  large  and  economical  scale  for  driving  the  machinery, 
and  a  dynamo  can  be  driven  either  from  the  main  engine  or  a  small 
independent  engine,  and  placed  under  the  charge  of  the  existing 
engineering  staff.  In  this  case  the  cost  of  generating  may  be 
brought  as  low  as  i</.  per  unit.  In  the  above  rates  are  included  the 
interest  on  capital,  as  also  a  provision  for  depreciation,  repairs  and 
renewals. 

But  although  it  may  be  economical  to  take  power  from  existing 
boilers,  it  is  seldom  desirable  to  take  power  from  an  engine  used  for 
other  purposes,  unless  its  speed  and  working  be  regular  and  equable. 
This,  however,  becomes  of  less  importance  where  storage  batteries 
are  used,  as  has  been  evidenced  by  the  working  of  dynamos  from  the 
axles  of  railway  trains,  the  electricity  passing  through  storage  batteries. 
On  board  steamships  the  comparison  is  favourable  to  the  electric  light, 
because  the  boilers  afford  ample  power;  the  distances  for  transmission 
are  small ;  it  is  practically  impossible  to  make  or  store  gas ;  and  oil 
lamps,  while  giving  a  poor  light,  involve  much  trouble  in  cleaning 
and  trimming,  besides  being  dangerous. 

Whatever  the  power  used  for  working  dynamos,  whether  it  be  that 
of  a  steam-engine,  gas-engine,  water-engine,  or  other  prime-motor,  it 
may  be  applied  either  directly,  by  prolonging  the  working  shaft  of 
such  motors  to  form  the  shaft  of  the  dynamo;  or  indirectly,  by  a 
belt  or  ropes  from  the  drum  of  a  detached  motor.  There  are  the 
advantages  in  the  first  method  of  obtaining  a  compact  self-contained 
machine,  and  without  the  inconvenience  and  friction  of  belting.  But 
ordinary  steam  engines  with  reciprocating  pistons  cannot  safely  be 
run  at  the  high  number  of  revolutions  most  advantageous  for  dynamos 
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of  usual  diameter,  and  for  this  reason  a  suitable  speed  is  obtained 
either  by  driving  from  a  large  pulley  on  the  motor  to  a  small  one  on 
the  dynamo,  or  by  applying  engines  of  moderate  sj)eed  (say  250 
revolutions  per  minute)  direct  to  alternators  by  making  the  armature 
part  of  the  fly-wheel  and  so  obtaining  a  sufficient  periphery  speed. 
The  convenience  of  making  an  engine  and  dynamo  self-contained  has 
stimulated  the  designing  and  manufacture  of  high-speed  engines,  with 
pistons  and  cranks  so  arranged  and  balanced  that  they  will  run  steadily 
at  500  revolutions  per  minute.  Although  the  larger  proportion  of  such 
engines  are  for  moderate  powers  of  from  5  to  50  horse-power,  such 
engines  are  also  used  for  electric  lighting  up  to  500  horse-power,  and 
find  much  favour  both  in  Europe  and  the  United  States.  This  demand 
for  high  speed  has  encouraged  also  the  revival  of  rotary  engines,  which 
have  always  been  the  aim  of  inventors.  The  best  of  these,  the  Parsons 
turbines,  run  successfully  at  the  extraordinary  speeds  of  from  3,000 
to  10,000  revolutions  per  minute,  and  are  conveniently  applied  where 
a  large  force  has  to  be  concentrated  into  a  small  space.  They  are 
used  for  instance  in  steamships,  especially  in  torpedo  boats,  or  as 
portable  machines  for  taking  on  board,  for  search  lights  or  other  For  search  lights, 
temporary  purposes.  As  an  example,  a  steam  turbine  with  dynamo 
or  alternator  complete  (except  the  boiler),  giving  out  200  electric- 
horse-power,  weighs  only  5  tons,  and  occupies  only  about  40  sq.  ft.  of 
space.  Since  their  success  for  electric-lighting  has  been  demonstrated 
they  have  been  applied  to  various  other  purposes  and  to  higher 
powers. 

In  reckoning  the  gross  power  necessary  to  produce  a  certain  Loss  by  friction, 
electric  efficiency,  the  losses  from  friction  and  other  sources  in  the 
motor  and  those  in  the  dynamo  should  be  kept  separate.  As  is 
explained  elsewhere,  the  effective  power  of  a  steam  engine  is  only 
from  80  to  90  per  cent,  of  the  gross  or  indicated  horse-power,  accord- 
ing to  the  quality  of  the  engine  and  care  in  running  it.  As  in  the 
dynamo  also  there  are  losses,  only  about  88  per  cent,  of  the  power 
given  from  the  belt  of  the  steam  engine  or  other  motor  is  converted 
into  electrical  power  in  the  armature  of  the  dynamos.  The  electrical 
efficiency,  after  deducting  the  power  absorbed  in  heating  and  other- 
wise, is  only  about  94  per  cent,  of  the  gross  electrical  power ;  so  that 
if  an  engine  of  100  H.P.  give  an  effective  80  H.P.  to  the  pulley  of 
the  dynamo,  the  commercial  net  electric  efficiency  is  only  94  per  cent, 
of  80  H.P.,  or  say  75  horse-power.  Better  results  are  obtainable, 
but  it  is  prudent  not  to  reckon  on  them  in  designing  the  plant,  and 
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in  practice  a  still  further  margin  should  be  assumed  in  calculating 
the  gross  motive  power  necessary. 

Great  saving  in  expense  is  often  anticipated  by  the  utilisation  of 
natural  sources  of  water  power  as  a  substitute  for  the  fuel  consumed 
by  a  steam-engine.  The  capital  cost,  however,  is  generally  as  great 
for  the  water  power  as  for  steam,  and  may  be  even  greater  if  dams, 
conduits,  storage  reservoirs  and  other  adjuncts  have  to  be  provided. 
This  expenditure  may,  of  course,  be  amply  justified  by  the  saving  not 
only  of  fuel,  but  in  the  periodical  replacement  of  boilers.  In  Great 
Britain  the  cost  of  coal  in  well  managed  electric  lighting  installa- 
tions need  not  exceed  \^.  per  B.O.T.  unit,  and  with  large  economical 
engines,  or  gas-engines,  even  \d,  may  be  made  to  suffice.  It  is  in 
localities  where  fuel  is  dear  and  water  force  not  only  abundant  but 
constant,  that  water  motors  are  advantageous;  and  especially  also 
where  the  electric  force  can  be  utilised  for  tramways  or  other  power 
purposes.  Such  conditions  are  often  found  in  Switzerland  for  instance. 
Hydraulic  power  mains  are  not  well  adapted  for  giving  economical 
rotary  motion,  but  an  interesting  example  of  an  intermediate  trans- 
mutation of  force  on  a  small  scale  is  afforded  by  the  use  of  water  at  a 
pressure  of  700  lbs.,  purchased  from  a  power  company  at  the  current 
price  of  2j.  per  1,000  gallons,  the  water  force  being  applied,  by  means 
of  a  Pelton  Wheel,  to  the  driving  of  a  dynamo,  and  furnishing  electric 
light  on  these  conditions  at  about  8//.  per  B.O.T.  unit 

In  factories  where  power  is  already  established  it  can  generally  be 
arranged  to  work  an  electro  dynamo  also,  or  if  there  be  no  existing 
motor  available  a  gas-engine  or  oil-engine  will  generally  prove  the 
best  motor,  and  it  may  be  reckoned  that  25  cubic  feet  of  gas  will  be 
consumed  for  each  electric  unit  generated,  or  its  equivalent  of  oil  in 
an  oil  engine.  Or,  to  state  the  case  differently,  i"6  or,  at  most,  2  cubic 
feet  of  gas  will  afford  power  for  one  i6-candle  lamp  for  one  hour. 

Arc  lamps  of  1,000  candle-power  (taking  10  amj)eres)  supplied 
from  a  central  station  at  6^.  per  unit,  would  cost  about  4^/.  per  hour, 
including  the  cost  of  carbons  and  trimming. 


Estimates 
of  cost. 


In  estimating  the  Cost  of  an  electric  lighting  installation  very  full 
consideration  must  be  given  to  the  sufficiency  and  quality  of  the 
plant  as  well  as  to  the  general  design.  Competitive  tenders  are 
seldom  based  on  similar  detailed  specifications,  because  each  manu- 
facturer or  contractor  has  methods  and  patterns  of  his  own  which 
cannot  be  easily  compared  with  those  of  others ;  and  there  is  a  wide 
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scope  within  which,  while  nominally  affording  the  same  result,  the  Need  careful 
machinery  supplied  may  vary  much  in  value.  The  capacity  of 
dynamos  is  for  similar  machines  running  at  the  same  speed  in 
proportion  to  the  weight,  or  perhaps  a  little  greater.  The  capacity 
of  the  generators,  their  speed  and  the  margin  provided,  the  size, 
weight,  or  capacity  of  the  conductors  and  their  connections,  as  well 
as  the  materials  and  thoroughness  of  the  insulation,  are  examples  of 
such  variance.  A  tender  or  estimate  of  cost  should  not  only  define 
clearly  what  it  is  intended  to  include,  but  if  subsidiary  work  is  neces- 
sary should  indicate  what  is  left  to  be  done  by  others.  The  provision 
or  adaptation  of  buildings,  the  expense  of  excavation,  masonry,  or 
carpenters'  work  may  often  with  advantage  be  left  to  the  purchasers, 
who  may  also  transport  the  material  and  provide  unskilled  labour  or 
other  services.  These  points  should  be  enumerated,  for  it  is  the 
total  outlay  that  has  to  be  considered  in  making  comparisons.  A 
tender  for  an  electric  lighting  installation  should  include  all  patent 
rights,  or  in  express  terms  define  those  which  are  excluded.  In  this 
regard  it  must  be  remembered  that  patents  which  have  expired  in  the 
country  where  the  contract  is  made  may  still  be  binding  in  the  country 
where  the  apparatus  is  to  be  manufactured  or  installed. 

In  Great  Britain  the  modem  tendency  towards  Municipal  under- 
takings has  led  in  many  cities  to  establishing  a  public  supply,  and 
money  is  borrowed  on  the  security  of  the  rates  at  a  low  rate  of 
interest.  In  such  cases  the  lighting  of  the  streets,  as  well  as  the  sale 
of  light  for  shops,  factories  and  houses,  is  provided  for. 

The  considerable  number  of  towns  and  districts  which  have  Tabulated  reauiu. 
adopted  the  electric  light  has  rendered  available  much  information  as 
to  cost  and  results,  and  as  in  Great  Britain  the  Board  of  Trade,  under 
whose  rules  all  public  companies  are  established,  call  for  detailed 
annual  returns,  these  allow  of  convenient  comparison.  But  great 
discrimination  is  necessary  in  drawing  conclusions  from  the  results, 
and  especially  in  regard  to  the  relation  which  the  current  cost  of 
working  bears  to  the  capital  outlay.  As  in  all  engineering  under-  Undue  cheapness, 
takings,  undue  cheapness  in  construction  may  involve  great  expense 
in  repairs  and  renewals.  But  apart  from  the  quality  and  sufficiency 
of  the  work,  the  relation  between  the  two  depends  on  the  system 
adopted.  As  already  stated,  a  low-tension  system  may  cost  more  for 
the  main  conductors,  and  two  or  more  generating  stations  may  be 
required  for  supplying  a  certain  area  instead  of  the  smaller  mains 
and  one  central  station  of  the  high-tension  system.     But  the  cost  of 


Municipal 
undertakings. 

Se*  page  8. 


282  Maihesons  Aid  Book.  [Chap.  XIL 

working  of  the  low-tension  plant  may  be  so  much  smaller  as  to  more 
than  compensate  for  the  interest  on  the  higher  capital.     In  estimat- 
ing the  revenue  that  may  be  expected  from  a  given  expenditure  of 
Earnings        Capital,  it  will  in  most  cases  be  obvious  that  the  earning  will  only  be 

srraduallv  in  'rcasc 

gradually  developed.  Unless  for  supplying  a  specific  area  and  a 
precise  number  of  lamps,  the  generating  plant  and  main  conductors 
must  be  considerably  in  excess  of  immediate  wants.  If,  however, 
the  ultimate  prospects  be  favourable,  capitalists  will  generally  be 
content  with  a  very  moderate  return  for  the  first  few  years,  and  it 
may  even  be  wise  to  refrain  from  dividing  any  profits  for  a  time. 
As,  therefore,  it  is  usual  to  provide  for  an  increasing  output,  the 
capital  expenditure  should  be  measured  rather  by  the  capacity  of  the 
plant  than  by  the  actual  sales  effected  or  revenue  obtainable.  At 
any  rate  a  fair  analysis  can  seldom  be  made  till  the  plant  has  been 
working  two  or  three  years.  It  is  obvious,  however,  that  the  capital 
expenditure  may  vary  within  wide  limits.  In  this  regard  the  first 
question  is  that  of  the  site  of  the  generating  station.  It  may  be  ex- 
Expensive  sites,  pedient  to  have  this  in  a  central  place,  which  in  a  city  may  be  costly. 

If  the  land  be  purchased  the  total  capital  outlay  may  be  swelled 
considerably,  though  the  interest  on  the  purchase  may  be  met  by  an 
equivalent  saving  in  rent  and  by  other  advantages.  But  while  there 
must  be  some  capital  outlay  affording  only  a  dormant  or  future  profit, 
much  expenditure  may  be  postponed  till  the  occasion  for  it  is  evident. 
Thus,  while  space  may  be  provided  for  additional  engines,  boilers, 
and  dynamos,  the  machinery  itself  need  not  be  provided ;  conduits 
may  be  made  large  enough  for  additional  conductors,  but  the  great 
expense  of  the  copper  conductors  may  be  postponed. 
Capital  per  In  Great  Britain,  up  to  the  year  1895,  ^^^  returns  of  the  Electric 

Lighting  Companies  show  that   the   total   capital    expenditure   per 
kilowatt  capacity  varied  within  the  very  wide  range  of  from  £60  to 
High  cost:  how  ^^150.     The  higher  rate  is  in  many  cases  due  to  excessive  prelimi- 
nary expenses  ;  but  it  has  generally  occurred  also  in  those  installations 
where  preparations  have  been  made  for  an  increasing  output.     The 
sites  for  power  houses,  the  buildings  themselves,  the  opening  up  of 
streets  and  the  laying  of  conduits  have  often,  especially  in  large  cities, 
to  be  much  in  advance  of  the  immediate  demand  of  consumers.    The 
total  cost  of  production  and  distribution,  including  management  and 
depreciation,  but  exclusive  of  interest  on  capital,  ranges  from  2  J//,  to 
Cost  per  B.  o.    6d,  per  Board  of  Trade  unit,  with  excei)tional  cases  outside  these 
^J*  *  ""*  '       limits.     But  the  experience  gained  shows  that  in  the  future  with  a 
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well-arranged  and  well-managed  plant  the  cost  need  not  exceed  3^/. 
per  unit.  As  the  statutory  price  obtainable  in  Great  Britain  ranges 
from  td,  to  8//.  there  is  ample  margin  for  reduction  in  the  actual 
price  charged  by  the  companies.  Out  of  the  probable  cost,  that  of 
coal  for  steam-engines  depends  on  the  skill  in  management  and  the 
current  cost  of  coal.  The  consumption  in  well  made  steam-engines 
as  applied  to  electric  lighting  in  Great  Britain  ranges  from  4  Ibc.  to 
14  lbs.  per  electric  unit  generated,  according  to  the  constancy  of  the 
load,  but  as  in  the  best  modem  gas-engines  of  100  H.P.  and  upwards 
working  with  producer-gas,  the  consumption  of  coal  is  only  from  ij 
to  2]^  lbs.  per  unit,  it  is  with  such  engines  that  electric  lighting  is 
likely  for  the  futupe  to  find  its  economical  development. 

A  portion  of  the  earnings  may  be  set  apart  for  depreciation  of 
plant  and  as  a  reserve  or  sinking  fund,  to  balance  the  wasting  value  of 
a  property  held  only  for  a  term  of  years  and  for  which  payment  will 
be  made  only  for  the  value  at  the  time  of  surrender.  Some  of  the 
original  outlay,  such  as  legal  and  other  preliminary  expenses  in 
obtaining  statutory  power,  is  obviously  valueless  as  a  permanent 
asset.  This,  if  taken  separately,  may  be  entirely  written  off  in  the 
earlier  years  of  working.  Other  expenditure,  such  as  for  land,  and 
for  opening  up  the  streets  and  securing  a  right  of  way,  may  not  need 
any  depreciation,  but  taking  all  the  reserve,  sinking  fund,  and  depre- 
ciation together,  the  best  managed  British  companies  set  aside 
annually  from  two  to  three  per  cent,  on  the  whole  capital.  It  does 
not  follow  that  the  total  capital  as  stated  in  the  books  becomes  less, 
because  new  expenditure  for  extensions  or  remunerative  improve- 
ments may  balance  or  more  than  balance  what  is  written  off. 


Coal  consump- 
tion. 

Seepage  sf 2. 


See  Gas  Engines, 
page  60a. 


Term  of  years. 

Seepage  270. 

Sinking  fund. 
Seepages  39  &»  993. 


Depreciation. 
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In  elaborating  a  scheme  of  electric  lighting,  in  Estimating  the  Cost, 
and  calculating  the  probable  profits,  the  following  are  the  leading 
circumstances  that  have  to  be  considered  : — 

I.  The  general  purpose  in  view  and  the  extent  of  area  to  be 
lighted.  In  installations  of  considerable  extent,  as,  for  instance,  those 
for  street  lighting  or  for  large  areas,  or  numerous  rooms,  the  general 
system  of  distribution  must  be  settled  before  any  details  can  be 
arranged.  Electrical  circuits  can  be  arranged  in  many  different  ways, 
and  financial  success  or  failure  depends  to  a  large  extent  on  the  initial 
laying-out  of  a  scheme,  and  on  the  suitability  and  sufficiency  of  the 
system  of  conductors.  It  having  been  determined  whether  the  light- 
ing is  to  be  by  one  or  other  kind,  by  arc  lamps  or  by  glow  lamps,  or 
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Number  and       by  both,  the  number  and  power  of  the  lamps  must  be  settled.     On 
power  o    amp  .    ^^  extent  and  kind  of  lighting,  and  the  distances  apart,  will  depend 

whether  the  whole  will  be  best  served  from  one  central  station,  or 

whether  the  area  is  to  be  divided  into  several  circuits  or  districts. 

Regularity  or  uncertainty  in  the  number  of  the  lamps  to  be  in  simul- 

Houra  of  lighting,  taneous  Operation  is  an  important  point.     If  all  the  lamps  have  to 

be  lighted  or  extinguished  at  the  same  time,  as,  for  instance,  might 
occur  in  street  lighting  or  the  illumination  of  a  public  building,  the 
system  would  be  simpler  and  cheaper  than  in  the  case  where  the 
number  of  lights  was  continually  changing,  as  must  occur  in  the  supply 
to  numerous  users  or  to  the  different  rooms  of  a  large  hotel.  If  the 
light  is  wanted  for  factories  or  for  any  other  special  purpose,  full 
particulars  are  necessary  of  the  operations  to  be  carried  on  and  of 
the  locating  of  the  lights.  It  is  obvious,  therefore,  that  the  electrical 
Area  to  be  lighted,  engineer  must  have  a  plan  of  the  area  or  building,  and  either  the 

position  of  each  lamp  shown  upon  the  plan,  or  such  a  description 
of  the  purpose  required  as  will  enable  him  to  arrange  the  lamps  to 
suit  it.  In  the  case  of  rooms  or  any  covered  space,  not  only  their 
shape  and  size,  but  their  height  are  of  consequence.  The  maximum 
and  average  number  of  hours  per  day  when  the  lamps  are  likely  to 
be  used  must  also  be  made  known. 

2.  The  right  of  way  for  the  electric  conductors  must  be  obtained 
or  affirmed.  In  this  regard  municipal  or  other  rules  as  to  the  pres- 
sure of  current  permitted,  and  safe  insulation  and  protection  of  the 
main  leads,  will  have  to  be  considered.  The  introduction  and  rapid 
extension  of  electric  lighting  has  in  some  foreign  countries  been 
rendered  possible  only  by  the  lawless  way  in  which  overhead  wires 
have  been  taken  without  leave.  Permission  given  to  attach  conduc- 
tors to  the  houses,  or  to  erect  poles  in  the  streets,  to  cross  main 
avenues,  or  to  lay  conductors  below  the  roads  or  footpaths,  may  in 
effect  be  the  granting  of  a  monopoly  if  similar  privileges  be  withheld 
from  others.  The  position  and  purpose  of  any  existing  conductors 
for  electric  lighting  or  power,  or  telegraphs  or  telephones,  must  be 
ascertained  and  considered,  so  far  as  they  are  in  the  way  of,  or  likely 
to  be  affected  by,  the  contiguity  of  the  conductors  in  the  proposed 
scheme.  In  some  cities  subways  under  the  main  streets  afford  con- 
venient places  for  laying  conductors,  but  in  most  cases  the  conductors 
have  to  be  laid  in  troughs  or  pipes  in  shallow  trenches  excavated  for 
the  purpose,  conduits  or  covered  troughs  in  great  variety  of  form  and 
manufacture,  pottery,  bitumen,  concrete,  and  other  non-conducting 


Right  of  way. 


Way  leave. 


Conduits. 


Part  L] 


Electric  Lighting. 


285 


material  being  employed.  In  the  case  of  overhead  conductors 
peculiarities  or  extremes  of  climate  and  heavy  rainfalls  must  be 
considered. 

3.  In  any  scheme  for  public  lighting  the  sites  available  for  stations 
must  be  selected  and  the  terms  settled  upon  which  boilers,  steam- 
engines,  or  other  motors  will  be  permitted.  If  the  lighting  scheme 
is  limited  to  one  building,  or  to  a  small  area,  it  is  still  necessary  to 
ascertain  that  a  suitable  place  is  available  for  the  motor  and  generator, 
and,  if  need  be,  for  storage  batteries. 

4.  Cost  of  the  renty  taxes^  water,  and  other  charges,  the  class  of 
fuel  available  and  its  price,  or  of  gas,  oil  or  pressure-water  for  motors, 
if  it  appears  cheaper  to  obtain  power  in  any  of  these  ways,  are  im- 
portant points  for  consideration. 

5.  If  the  scheme  be  one  for  selling  the  light  to  different  users, 
the  rates  or  prices  obtainable  will  depend  to  a  large  extent  on  the 
prices  paid  for  the  existing  means  of  lighting — electricity,  gas,  oil,  or 
others — and  on  the  quality  of  such  existing  lighting.  As  a  new 
system  is  seldom  established  till  a  certain  amount  of  custom  is  assured, 
particulars  of  the  minimum  and  probable  maximum  demand  must  be 
gathered,- especially  with  regard  to  the  number  of  hours  per  annum 
during  which  the  light  will  be  required,  as  well  as  the  obligations 
likely  to  be  enforced  by  the  municipal  or  other  public  bodies.  If 
the  scheme  depend  upon  a  monopoly,  permission,  or  other  concession, 
granted  by  the  local  authority,  the  length  of  the  term  and  the 
conditions  of  pre-emption  or  surrender  at  the  end  of  the  term  are 
matters  of  great  importance. 

6.  If  there  is  a  demand  for  motive  power ^  which  may  be  supplied 
from  the  electric  light  conductor,  the  system  chosen  should  allow  of 
its  proper  distribution. 

7.  If  the  scheme  is  one  in  a  foreign  country^  or  at  a  distance 
from  those  who  are  devising  it  or  providing  the  design  or  capital, 
such  local  information  as  to  cost  of  material,  labour  and  transport 
must  be  furnished  as  has  already  been  described  for  other  engineer- 
ing undertakings. 

The  foregoing  remarks  have  been  directed  to  lighting  schemes  of 
a  permanent  nature.  For  temporary  installations  where  the  lighting  is 
for  a  limited  time,  as  during  the  construction  of  buildings  or  bridges, 
or  for  the  lighting  during  the  season  of  an  exhibition  or  public  garden, 
then  various  modifications  will  be  expedient,  especially  in  the  manner 
of  laying  and  supporting  the  conductors  and  attaching  the  lamps. 
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Amongst  the  difficulties  which  have  unavoidably  attended  the 
introduction  of  an  entirely  new  method  of  lighting,  have  been  those 
arising  from  the  conflicting  claims  of  inventors  and  patentees.  The 
choice  of  methods  and  apparatus  has  been  in  many  cases  hindered 
by  the  disputes  arid  litigation  arising  out  of  the  monopolies  of 
patentees  and  those  to  whom  patents  have  been  assigned.  Although, 
doubtless,  continued  improvements  will  for  many  years  to  come  be 
the  subject  of  new  patents  and  monopolies,  yet  as  the  original  patents 
which  cover  the  main  principles  and  forms  of  apparatus  have  lapsed 
or  are  lapsing  by  eflfluxion  of  time,  there  will  be  the  greater  freedom 
for  the  choice  of  method  in  each  case  as  it  arises. 

In  the  description  given  in  this  chapter  no  attempt  has  been  made 
to  decide  the  choice  between  different  systems,  and  too  much  stress 
cannot  be  laid  upon  the  necessity  for  referring  each  individual  case 
to  properly  qualified,  experienced  and  independent  electrical  en- 
gineers, as  upon  the  correct  choice  of  system  in  the  first  case 
depends  the  after  success  of  the  undertaking. 


[Arfl/f^ Concessions:  Electric  Tramways:  Electric  Trans- 
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CHAPTER    XIII. 

TOWN   TRAMWAVS. 

Tramways      differ      from 

Railways  in  Ihat  they  are 

laid    along    the    common 

highway   whose   levels    or 

contour        they        follow. 

Tramway    rails     must    be 

,   flush    with     the     road    or 

otherwise  subordinated  to 

the    general    traffic,   while 

railways    have    raised    rails 

ore  regular  gradients.     The 

xceplions  where  raised  rails 

on   highways  are  dealt  with 

ron  tramways  for  conveying 

towns  were  in  operation  in  : 

ites  twelve   or  fifteen   years 

„...^.  ,..„ Europe.     This  arose  from  a 

variety  of  causes.  The  want  of  convenient  con- 
veyances for  passengers  was  much  greater  in  American  cities  than 
in  London,  for  the  service  of  omnibuses  and  cabs  was  less 
eflicient,  while  the  inconvenience,  so  loudly  proclaimed  then  and 
since  by  the  opponents  of  tramways  everywhere,  that  the  iron 
rails  would  spoil  the  roads  and  obstruct  the  traffic,  had  not  much 
weight  in  American  cities,  where  the  streets  were  generally  badly 
paved. 

Tramways  opened  out  a  new  field  for  engineering  enterprise,  and, 
if  estal>lished  on  proper  conditions,  they  afford  a  safe  and  remunera- 
tive return  for  capital.  If  judged  by  the  price  that  investors  will  pay 
for  shares  producing  a  certain  amount  of  interest,  tramway  under- 
takings do  not  in  England  differ  much  from  railways,  and  it  may 
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therefore  be  assumed  that  the  advantages  and  disadvantages  of  the 

Compared  with  two  Undertakings  nearly  balance  each  other.  When  first  com- 
menced, the  works  of  a  tramway  are  much  sooner  remunerative 
than  are  those  of  a  railway,  and  there  is  not  so  much  room  for 

Tramways  less   Uncertainty  in  the  amount  of  expenditure  either  for  works  or  for 

purchase  of  property.  Moreover,  an  increasing  traffic  does  not 
augment  so  largely  the  proportionate  expenditure  for  maintenance 
as  in  railways,  because  the  wear  upon  the  permanent-way  and  street 

Growth  of  traffic,  paving  is  determined  not  only  by  the  number  of  tram-cars  which 

pass,  but  largely  also  by  ordinary  vehicles ;  and  the  greater  the  car 
traffic  the  greater  will  be  the  share  of  advantage  which  the  tramway 
proprietors  will  obtain  for  an  expenditure  for  maintenance  which 
must  in  any  case  be  incurred.  On  the  other  hand,  railway  shares 
have  a  speculative  value  arising  from  the  expectation  of  increased 
profits  in  the  distant  future,  as  is  clearly  evidenced  by  the  prices 
paid  for  shares  in  non-dividend-paying  lines.    These  potential  profits 

Limited  term  of  are  limited  in  the  case  of  tramways  to  the  term  of  the  concession  or 
^^^^pag»2^x,      ^^^^^  ^^  English  towns  seldom  exceeding  21  years),  as  it  is  not 

usual  to  grant  perpetual  rights  as  with  railways ;  and  when  a  tram- 
way undertaking  pays  dividends  high  enough  to  give  a  more  than 
par  value  to  the  shares,  the  public,  as  represented  by  the  municipal 
authorities,  will,  when  the  time  for  renewing  the  lease  arrives,  claim 
to  participate  in  the  profits  either  by  a  reduction  in  the  tariff  of  fares 
or  by  an  increased  rent  for  the  use  of  the  road,  or  will  exercise  their 
power  of  purchasing  the  undertaking.      If,  however,  the  line  has 

Permanently  high  paid  no  more  than  a  nominal  rate  of  dividend,  the  proprietors  will  be 

profits  forbidden.  . 

left  to  work  it  as  before.  Such  conditions  give  a  one-sided  aspect 
to  the  transaction  as  between  the  town  and  tramway  proprietors, 
which  doubtless  does  much  to  limit  the  value  of  the  investment  in 
the  estimation  of  capitalists.  Although  very  large  dividends  have 
been  earned  on  some  foreign  tramways,  and  the  shares  have  attained 
a  proportionately  high  price,  these  cases  have  arisen  where  favourable 
terms  had  been  granted  by  the  authorities  at  a  time  when  the  value 
of  such  enterprises  was  unknown. 

Advantages  The  advantages  which  a  tramway  offers  to  the  public  are — more 

ways.  comfortable  travelling,  a  more  frequent  and  regular  service,  and  lower 

fares,  than  omnibuses  afford ;  and  as  undoubtedly  the  tramway  does 

to  some  extent  interfere  with  other  traffic,  the  real  justification  for 

such  lines  is  that  the  accommodation  they  afford  to  the  majority  of 
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unfeasible. 
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the  inhabitants  far  outweighs  the  inconvenience  to  the  minority. 
While,  however,  these  benefits  justify  the  establishment  of  tramways 
for  passenger  traffic,  there  has  been  much  misapprehension  in  regard 
to  their  use  for  conveying  goods ;  engineers,  as  well  as  promoters, 
having  in  many  cases  failed  to  appreciate  the  very  different  conditions 
which  such  service,  to  be  successful,  demands.  In  many  of  the 
authorising  Acts  of  Parliament  for  tramways  in  Great  Britain,  rates 
of  toll  for  parcels  and  merchandise  have  been  inserted,  but  in  some 
of  these  cases  the  right  to  carry  heavy  goods  or  minerals  is  made 
subject  to  the  permission  of  the  local  authorities.  The  profitable 
conveyance  of  merchandise  and  parcels  for  short  distances  in  towns, 
generally  involves  the  distribution  and  delivery  of  the  packages  at 
particular  places,  and  it  is  evident  that  tram-cars,  with  flanged  wheels 
which  must  keep  to  one  route  and  may  not  obstruct  the  streets  by 
other  than  momentary  stoppages,  cannot  compete  with  ordinary 
distributing  carts ;  and  although  in  exceptional  cases,  such  as  the  Exceptional  cases 
conveying  of  goods  from  a  railway  station  to  one  particular  ware- 
house or  market,  or  from  a  harbour  to  a  custom-house,  or  from  a 
manufactory  to  a  port,  tramway  delivery  might  even,  for  short  dis- 
tances, be  performed  with  advantage  if  the  merchandise  be  in  suffi- 
cient and  regular  quantities,  no  miscellaneous  carriers'  duty  could  be 
undertaken.  When,  however,  the  distance  exceeds  four  or  five 
miles,  the  cheaper  haulage  which  a  tramway  allows — especially  if 
economy  be  further  obtained  by  the  use  of  mechanical  haulage —  Sttpagn  76  ^  513 
might  justify  such  an  undertaking,  and  repay  a  second  handling  of 
the  goods  and  the  cost  of  final  distribution  from  the  terminus.  The 
circumstances  by  which  any  such  project  should  be  determined  are, 
however,  so  different  to  those  connected  with  a  town  tramway  for 
passengers,  that  a  scheme  for  combining  the  two  services,  involving,  as 
it  might  do,  the  risk  of  failure  in  both,  should  be  propounded  only  after 
careful  consideration.  The  use  of  a  passenger  line  for  mail-cars  or 
supplementary  work  at  night,  such  as  the  conveying  of  road-mending 
material,  or  town  refuse,  are  independent  questions  which  concern 
the  municipal  authorities  rather  than  the  proprietors  of  the  tramway. 
The  conditions  upon  which  tramway  concessions  are  granted, 
though  they  vary  in  different  countries,  generally  do  so  only  in 
detail,  as  there  are  certain  primary  points — principally  the  letting  by 
lease  and  the  obligation  in  regard  to  the  street  paving — which  are 
common  to  all  cases.  In  Great  Britain  an  Act  of  Parliament  is  neces- 
sary for  the  construction  of  tramways,  this  power  being  obtained 
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generally  by  Provisional  Orders  of  the  Board  of  Trade.  The  great 
majority  of  tramways  have  been  constructed  and  owned  by  joint- 
stock  companies,  and,  under  the  Standing  Orders,  the  promoters  have 
first  to  prove  that  they  make  their  application  with  the  consent  and 
approval  of  the  local  authority.  As  easier  terms  in  this  lespect  are 
allowed  by  the  Light  Railways  Act  of  1 896,  it  is  likely  to  be  availed 
of  for  urban  tramways.  Up  to  the  year  1890  it  was  only  rarely  that  the 
municipal  authorities  either  constructed  or  owned  a  line,  for  the  grow- 
ing tendency  towards  the  undertaking  of  public  works  by  the  authorities 
was  up  to  that  time  limited  to  such  purposes  as  water-supply,  gas  or 
electric  lighting  and  drainage  works.  Tramways,  however,  as  interfer- 
ing with  the  streets  and  street  paving,  have  been  since  included  in  the 
category  of  undertakings  to  which  municipal  funds  may  be  properly 
applied,  and  Corporation  loans  authorised  by  the  Legislature.  In  some 
cases,  e.g.  at  Sheffield,  Manchester,  and  Bristol,  the  tramway  has  been 
made  by  the  Corporation  and  leased  to  a  company  at  a  yearly  rental. 
In  Glasgow  the  Corporation  constructed  the  tramway  and  also 
maintained  it,  the  company  which  first  undertook  the  working  paying 
to  the  Corporation  interest  on  the  actual  capital  expenditure,  and  an 
agreed  sum  annually  for  the  renewals  and  repairs ;  though  if  this 
annual  sum  proved  more  than  sufficient  for  the  purpose  in  view,  the 
balance  was  to  be  returned  or  credited  to  the  company.  But  on  the 
expiration  of  the  lease  the  Corporation  not  only  purchased  the  pro- 
perty, but  have  since  worked  it.  In  Leeds  most  of  the  tramways  were 
constructed  by  private  companies,  whose  interests  have  been  acquired 
by  the  Corporation,  with  the  intention,  since  carried  out,  of  working 
the  lines.  Under  the  terms  of  English  tramway  concessions  hitherto 
granted,  it  is  probable  that  many  more  of  the  lines  constructed  by 
private  companies  will  hereafter  become  the  property  of  the  public 
by  purchase ;  and  in  the  case  either  of  construction  or  purchase  by 
public  authorities,  the  necessary  money  may  be  raised  by  loan  in  the 
manner  prescribed  for  local  public  works  generally.  But  while  in 
England  municipal  bodies  have  been  allowed  to  construct  or  acquire 
tramways,  they  were  at  first  forbidden  to  work  the  lines  unless  they 
could  show  that  they  could  not  be  let  on  equitable  terms,  Parliament 
in  this  matter  restraining  the  modem  tendency  of  town  authorities  to 
commercial  enterprise.  But  this  restriction  was  relaxed  in  1896  for 
some  special  cases,  and  is  hardly  likely  to  be  again  enforced,  the 
Standing  Orders  having  been  altered  so  as  to  enable  local  authorities 
to  obtain  power  to  work  their  own  lines.     By  whomsoever  the  tram- 
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way  may  be  made,  the  Board  of  Trade  exercises,  as  in  the  case  of 
railways,  considerable  power  of  supervision  both  in  regard  to  the 
mode  of  construction  and  the  working  of  the  line.  In  France  a 
similar  power  is  exercised  by  the  Minister  of  Public  Works,  who  has 
every  detail  submitted  to  him  for  approval. 

Concessions  for  tramways  are  generally  given  for  terms  of  years.  Briti«h  tramways. 
In  Great  Britain  the  usual  stipulation  in  the  authorising  or  con- 
firmatory Acts  of  Parliament  is,  that  at  the  expiration  of  a  certain 
period  (generally  2 1  years)  the  local  authorities  shall  have  the  option 
of  purchasing  the  undertaking  from  the  proprietors,  on  the  terms 
stated  in  the  Act.  After  21  years  of  working  it  is  to  be  presumed 
that  the  pecuniary  success  or  failure  of  the  enterprise  will  be  settled. 
If  successful,  the  authorities  will  exercise  their  option  and  purchase 
the  tramway,  though  perhaps  leasing  it  again  to  a  company  on  con- 
ditions equivalent  to  an  increased  rental.  In  many  cases  there  will 
probably  be  no  actual  purchase  or  transfer,  but  the  terms  of  main- 
tenance, tariffs  of  tolls,  and  other  conditions  will  be  revised  or  altered 
in  a  way  more  or  less  favourable  than  before  to  the  public  or  the 
proprietors,  according  as  the  working  of  the  tramway  has  been 
profitable  or  otherwise  in  the  past. 

In  France  the  term  allowed  to  the  earlier  companies  was  30  years ;  French  tramways, 
in  other  cases  terms  even  up  to  60  years  were  granted,  but  by  the 
more  recent  concessions  a  term  of  40  years  seems  to  have  become 
established  in  France  as  a  standard.  In  most  of  the  French  con- 
cessions the  tramway  becomes  at  the  end  of  the  term  the  absolute 
property  of  the  public  authorities  without  any  payment  whatever,  the 
rolling-stock  being  purchasable  at  a  valuation;  such  conditions 
(which  in  France  are  those  usual,  though  with  a  longer  term,  for 
railways)  requiring  on  the  part  of  the  proprietors  the  establishment 
of  a  sinking  fund  before  any  dividend  can  properly  be  paid. 

In  Germany,  periods  of  from  10  to  30  years  have  been  allowed  German 

(25  and  30  years  being  the  most  usual  periods),  and  the  earlier  tramways, 
concessions  were  granted  on  conditions  which' would  allow  of  a  re- 
newal on  similar  terms,  if  experience  showed  nothing  detrimental  to 
the  public  interests.  But  after  tramways  had  become  well  established, 
the  tendency  was  towards  a  shortening  of  the  term  and  to  the 
imposition  of  more  onerous  conditions  on  the  concessionaire. 

In  Italy  the  concessions  for  town  tramways  have  been  generally  Italy, 

for  periods  of  from  30  to  40  years,  the  tramway  and  its  equipment 
becoming  the  property  of  the  town  at  the  end  of  the  term,  the 
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conditions  in  this,  as  in  several  other  minor  matters,  resembling 
those  usual  in  France. 

In  the  United  States  the  earlier  charters  (or  franchises)  were 
obtained  for  little  or  no  payment,  and  with  but  slight  obligations  in 
regard  to  paving.  In  some  cities  the  profits  became  so  large  as  to 
raise  the  shares  to  many  times  their  nominal  value.  More  recently, 
onerous  conditions  of  paving  and  road  maintenance  were  included  in 
the  charters,  which  generally  declare  also  the  conditions  under  which 
the  proprietors  of  the  tramway  may  be  called  upon  to  remove  it, 
but  without  specifying  any  particular  time. 

In  the  year  1893  the  first  occasion  arose  in  England  for  the 
municipal  purchase  of  tramways,  and  as  the  interpretation  of  the 
lease  formed  a  precedent  which  has  since  been  followed,  the  cir- 
cumstances may  be  quoted.  In  the  44th  section  of  the  London 
Street  Tramways  Act,  1870,  it  was  provided  that  the  local  authorities 
might,  on  the  expiration  of  21  years  from  the  construction  of  the 
tramway,  "  require  such  promoters  to  sell  to  them  their  undertaking, 
or  so  much  of  the  same  as  is  within  such  district,"  upon  terms  of 
paying  them  their  value  (exclusive  of  any  allowance  for  past  or  future 
profits  of  the  undertaking,  or  any  compensation  for  compulsory  sale 
or  other  consideration  whatsoever)  of  the  tramway,  and  all  lands, 
buildings,  works,  materials,  and  plant  of  the  promoters  suitable  to 
and  used  by  them  for  the  purpose  of  their  undertaking  within  such 
district,  such  value  to  be,  in  case  of  difference,  determmed  by  an 
engineer  or  other  fit  person  nominated  as  referee  on  the  application 
of  either  party."  In  the  year  1891  the  London  County  Council 
resolved  to  exercise  its  right  to  purchase  4J  miles,  or  nearly  a  third 
of  the  company's  system,  which  had  been  2 1  years  in  existence,  and 
notice  was  given  to  the  company  accordingly.  It  was  endeavoured 
to  arrange  a  price,  but  the  shareholders  in  the  company  concerned 
were  unwilling  to  accept  a  value  based  on  the  worn  condition  of  the 
plant,  or  to  forego  the  value  of  the  goodwill,  and  it  was  argued  that 
though  past  and  future  profits  were  to  be  disregarded,  present  profits 
were  to  be  taken  into  account.  This  view  not  being  accepted,  a 
referee  or  umpire  was  appointed  to  adjudicate.  As  the  first  occasion 
on  which  such  a  principle  of  valuation  was  to  be  applied,  consider- 
able interest  was  taken  in  the  case  by  all  those  who  had  embarked 
capital  in  similar  undertakings. 

The  umpire  appointed  under  the  Act  issued  his  award  in  March 
1893,  as  follows ; — "  I  determine  and  award  that  the  sum  of  ;£^64,54o 
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is  the  value  of  the  purchased  tramways  and  the  works  thereof  (other 
than  such  works  as  are  comprised  in  the  annexed  agreement),  ex- 
clusive of  any  allowance  for  past  or  future  profits  of  the  undertaking 
or  any  compensation  for  compulsory  purchase,  or  other  consideration 
whatever,  except  the  consideration  of  the  value  to  •  the  Tramways 
Company  or  to  the  County  Council,  measured  by  what  it  would  cost 
either  the  Tramways  Company  or  the  County  Council  to  establish 
the  purchased  tramways  if  such  tramways  do  not  now  exist,  but 
taking  into  account  a  proper  deduction  in  respect  of  depreciation. 
And,  accordingly,  I  determine  and  award  that  the  value  of  the  pur- 
chased tramways,  and  of  all  lands,  buildings,  works,  materials,  and 
plant  of  the  tramways  company,  suitable  to  and  used  by  them  for 
the  purpose  of  the  undertaking  of  the  purchased  tramways,  as  such  Less  depredation, 
purchased  tramways,  lands,  buildings,  works,  materials,  and  plant  are 
defined  by  the  annexed  agreement,  is  the  sum  of  ;^64,54o,  together 
with  the  further  sum  or  sums  payable  under  the  annexed  agreement, 
and  such  sum  or  sums  together  form  the  'then  value'  of  the 
premises  within  the  meaning  of  the  44th  Section  of  *  The  London 
Street  Tramways  Act,  1870.'  And  I  award  and  direct  that  the 
County  Council  do  pay  to  the  Tramways  Company  the  costs  incurred 
by  the  Tramway  Company  of,  and  incidental  to,  negotiating,  pre- 
paring, and  executing  the  annexed  agreement." 

The  agreement  referred  to  in  the  above  award  provides  inter  alia 
for  the  Council  acquiring  certain  depots  for  sums  in  addition  to 
that  awarded,  and  also  provides  for  the  Council  purchasing  cars, 
harness,  horses,  &c.,  at  a  price  to  be  determined  "  by  some  person 
practically  acquainted  with  the  value  thereof." 

It  was  after  this  decision  that  the  tramways  in  Glasgow  and 
Leeds  previously  alluded  to  were  acquired,  and  on  similar  terms. 
Accepting  the  award  as  a  correct  interpretation  of  the  statutes  under 
which  most  town  tramways  have  been  authorised,  it  will  be  seen  that 
capitalists  in  constructing  tramways  must  reckon  on  a  revenue  suffi- 
cient not  only  to  pay  a  satisfactory  annual  interest,  but  also  to  meet 
the  reduction  in  the  value  of  the  plant  due  to  wear  and  tear.  With 
the  capital  value  so  written  down  and  a  corresponding  reserve 
established,  the  price  paid  when  the  property  is  transferred  will  be 
sufficient  to  restore  the  whole  of  the  capital.  It  will  be  noted  also 
that  the  arbitrator  measured  his  value  by  "  what  it  would  cost  either 
the  Tramway  Company  or  the  County  Council  to  establish  the  pur- 
chased tramways,"  and  there  is  nothing  to  show  that  he  has  not  taken 
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into  account  and  allowed  something  for  the  legal,  parliamentary  and 
other  preliminary  expenses  incurred  in  establishing  the  tramway,  but 
which  are  not  represented  by  tangible  assets. 
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There  are  certain  main  points  by  which  the  expediency  of  in- 
troducing tramways  into  a  town  may  be  determined,  by  which  also 
the  choice  of  system  may  be  guided,  and  the  probabilities  of  profit 
measured.     They  are  ; — 

1.  The  Population  of  the  town  and  the  situation  of  the  suburbs. 

2.  The  Width  and  degree  of  regularity  of  the  streets.  , 

3.  The  Gradients. 

4.  The  kind  of  Rail-track  and  road-paving. 

5.  The  Cars. 

6.  The  Hauling  of  the  cars  by  Horses  or  Mechanical  traction. 

7.  The  Cost  of  construction. 

8.  The  Revenue. 

9.  Minor  obligations,  privileges,  and  bye-laws. 

Although  all  the  above  points  are  subjects  of  discussion  when 
tramways  are  proposed,  points  3,  4,  and  6  are  those  which  mainly 
concern  the  town  authorities,  and  on  which  controversy  principally 
arises.  For  the  rail-track  and  road-paving  chiefly  determine  the 
cost  of  a  tramway,  and  all  the  points  together  the  expenses  and 
profits  of  working.  These  several  subjects  may  be  elucidated  as 
follows : — ' 

I .  The  Population  of  the  town  and  the  situation  of  the  suburbs, — As 
the  profits  depend  upon  the  proportion  which  the  gross  earnings 
bear  both  to  the  capital  and  to  the  working  expenses,  it  is  obvious 
that  a  large  busy  population  will  be  the  most  remunerative.  A  line 
upon  which  four  cars  per  hour  pass  will  have  cost  nearly  as  much  as 
if  twenty  cars  per  hour  were  running,  and  the  working  expenses  for 
the  smaller  number  are  in  proportion  heavier ;  therefore  the  capital 
and  the  current  outlay  obtain  the  best  return — as  expressed  by  the 
mileage  earnings— from  a  population  that  affords  a  constant  succes- 
sion of  j>assengers  along  the  whole  route.  Suburban  or  "  omnibus  " 
traflfic  of  this  sort  is  more  profitable  than  that  on  a  line  which  con- 
nects two  towns,  between  which  there  is  little  intermediary  traffic ; 
for  in  the  latter  the  mileage  will  probably  be  long  in  proportion  to 
the  number  of  persons  carried.  A  frequent  service  of  cars,  only 
j)ossible  with  a  considerable  population,  gives  greater  revenue  pro- 
portionately than  a  service  with  intervals  of  more  than  five  minutes. 
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because  would-be  passengers  for  short  distances  will  walk  sooner  than 
wait  for  a  car.     Hence  a  frequent  service  of  small  light  cars  is  often 
more  remunerative  than  a  less  frequent  service  of  large  cars.    On  the 
other  hand,  in  a  town  compactly  built,  with  few  or  unimportant 
suburbs,  or  with  only  short  distances  to  traverse,  there  is  but  little  in- 
ducement to  ride,  and  if  there  be  much  ordinary  traffic  in  the  streets, 
a  tramway  would  be  inconvenient  and  improfitable.     There  are  few  Tramways  seldom 
towns  in  England  having  less  than  40,000  inhabitants  (except  at      s^ii  towns, 
places  of  pleasure  resort)  where  tramways  would  be  remunerative  ;  but 
with  regard  to  the  likelihood  of  profit  much  depends  upon  the  area 
covered,  and  upon  the  habits  and  occupations  of  the  people.    In  some 
foreign  cities  with  an  enervating  climate  which  indisposes  people  to         cumate. 
walk,  a  very  large  proportion  of  the  people  will  pay  to  ride. 
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2.  The  Width  and  regularity  of  the  streets, — The  establishment  of  width  of  streeu. 
tramways  is  often  opposed  on  the  plea  that  the  streets  will  be  ob- 
structed by  the  cars,  which  cannot  leave  the  track.  The  crowded 
condition  of  the  streets  in  the  centre  of  a  city  forbids  the  construc- 
tion of  tramways  in  those  very  cases  where  additional  means  of 
conveyance  would  be  specially  useful ;  and  in  such  places  as  London, 
where  through-traffic  is  much  impeded,  the  evil  will  probably  so 
increase  as  sooner  or  later  to  demand  a  remedy.  The  system 
adopted  in  New  York  and  Liverpool  of  overhead,  or,  as  they  are 
called,  "elevated"  railroads,  is  by  some  advocated  as  a  suitable 
means  of  relieving  crowded  streets,  but  they  cannot  be  compared 
with  a  road  tramway,  for  they  are  above  the  street  level,  are  not  so 
accessible  as  tram-cars  in  the  streets,  and  the  stoppages  are  only  at 
fixed  stations.  Such  lines  take  the  place  of  the  London  undergroimd 
railroads,  and  owing  to  their  convenience  in  this  respect  they  are 
likely  to  be  much  adopted  in  the  future.  In  London,  tramways 
are  not  allowed  in  the  central  area  of  about  one  square  mile  known 
as  the  "  city."  But  although  in  the  centre  of  a  crowded  city  tram- 
ways cannot  with  propriety  be  constructed,  experience  has  shown 
that  in  any  but  a  few  extreme  cases,  tram-cars  assist,  rather  than 
obstruct,  free  circulation,  because  they  keep  the  traffic  in  line. 
Straight  wide  streets  are  obviously  the  best  for  tramways,  as  not  only 
is  there  then  no  fear  of  their  causing  obstruction,  but  there  is  the 
less  necessity  for  ordinary  vehicles  passing  upon  the  tramway  track. 
In  hors^i  tramways  the  greatest  inconvenience  is  felt  at  the  terminus, 
where  the  cars  must  necessarily  be  detained  while  the  horses  are 
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changed  from  one  end  of  the  car  to  the  other,  though  to  reduce  the 
time  so  occupied,  the  plan  is  sometimes  adopted  of  having  turn-tables 
or  of  pivoting  the  car  upon  its  imder^frame,  so  that  the  horses,  without 
being  detached,  turn  the  car  round  while  the  wheels  remain  stationary. 
But  to  prevent  any  stoppages  of  the  roadway,  the  line  may  be  made 
to  end  in  a  side  street,  or  a  continuous  or  circular  tramway  without 
any  terminus  may  be  constructed,  or— especially  in  the  case  of  long 
steam-cars — ^the  turning  may  be  effected  on  a  triangle  track. 

In  England,  according  to  the  usual  regulations,  tramways  are  only 
permitted  in  those  streets  where  a  space  of  at  least  9  ft.  6  in.  is  left 
between  the  foot-path  and  the  nearest  rail.  Assuming  that  the  extreme 
width  outside  the  rails  for  a  standard-gauge  line  is  5  ft,  then  a  width 
of  24  ft.  between  the  foot-paths  (61)  is  necessary  for  a  single  line,  and 
for  a  double  line  having  a  mid-space  of  4  ft.  between  the  up  and 
down  tracks  (62),  a  width  of  33  ft.  is  necessary.  The  maximum  width 
of  a  tram-car  is  7  ft.,  and  as  the  car  thus  projects  12  in.  outside  the 
rail,  a  clear  width  of  8  ft.  6  in.  is  left  for  vehicles  passing  or  standing 
between  the  rail-track  and  the  foot-path.     Opposition  to  tramways 
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has  even  been  based  upon  the  alleged  necessity  of  allowing  carts  to 
back  up  to  the  foot-path  when  unloading,  which  of  course  would 
involve  a  space  greater  than  that  necessary  for  carts  standing 
parallel  to  the  road.  The  width  of  ordinary  vehicles  varies  from 
6  ft.  to  7  ft. ;  and  8  ft.  may  be  accepted  as  a  maximum.  In  France 
the  usual  regulations  allow  single-line  tramways  only  in  streets 
7*50  metres  (24  ft.  7  in.)  wide,  and  double  line  in  streets  9*80 
metres  (32  ft  2  in.).  Tramways  have,  however,  in  various  countries 
been  constructed  in  streets  narrower  than  those  just  described,  and 
in  England  and  France  also  exceptions  are  occasionally  allowed  to 
the  standard  conditions. 

When  a  street  is  narrow  for  a  short  distance  only,  and  where 
the  roadway  cannot  conveniently  be  altered  to  the  desired  width, 
permission  is  sometimes  given  for  the  rails  to  be  laid  for  a  limited 
distance  near  to  the  footway;  the  granting  of  such  an  indulgence 
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generally  depending  on  the  wishes  and  influence  of  the  householders 
or  traders  in  that  portion  of  the  route  which  will  be  affected.  As, 
however,  in  any  case  it  is  necessary  that  sufficient  space  for 
ordinary  vehicles  should  be  left  on  one  side  or  the  other,  the  tram- 
way is,  in  streets  less  than  21  ft.  v/ide,  laid  at  one  side  (63),  instead  of 
in  the  middle  of  the  street,  where  each  car  as  it  passed  would 
sweep  the  whole  street.  Thus,  sometimes,  where  houses  along  the 
route  are  few,  and  where  the  inhabitants  or  authorities  consent, 
a  single-line  tramway  may  be  laid  for  a  considerable  distance  with 
only  a  space  of  18  in.  or  24  in.  between  the  outer  rail  and  the  foot- 
path. Thus  again,  where  there  is  a  double  track,  the  two  lines  may 
be  laid  (64)  on  one  side  of  the  street.  But  in  the  case  of  such  double 
lines  it  is  necessary  that  there  shall  be  frequent  crossing  points,  so 
that  the  cars  on  the  side  next  the  footpath  may  cross  over  to  the 
other  line  when  the  track  is  obstructed  by  vehicles  standing  by  the 
footpath.     In  some  cases  where  the  streets  are  in  places  too  narrow 
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for  a  double  line,  and  the  traffic  too  much  for  a  single  line,  it  has 
been  found  convenient  to  apply  the  interlacing  system.  This  is 
a  cheaper  construction  than  a  multiplicity  of  passing  places  with 
numerous  points  and  crossings,  and  less  costly  to  maintain.  As  the 
space  between  the  rail  and  foot-path  is  required  mainly  to  allow 
ordinary  vehicles  to  halt  in  front  of  a  house  or  shop,  there  is  not  the 
same  need  for  the  side  space  along  suburban  roads  where  there  are 
no  houses  or  shops  ;  and  in  such  cases,  especially  if  the  establishment 
of  a  tramway  is  popular,  the  stringency  of  the  ordinary  rules  may  be 
relaxed. 

Whatever  the  kind  of  passing-places,  delay  and  inconvenience 
arise  in  the  working  of  a  single  track,  and  to  avoid  these,  it  is  a 
usual  plan,  where  streets  are  too  narrow  for  any  doubling  of  the 
track,  but  where  parallel  streets  are  available,  to  work  on  what  is 
known  as  the  loop  system,  the  cars  running  in  a  perpetual  circle,  one 
street  being  used  for  the  up  line  and  the  other  for  the  down  line, 
the  direction  of  the  cars  being  sometimes  indicated  on  the  lamp- 
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posts.  Unless,  however,  the  two  tracks  are  near  together,  and  easily 
reached  by  cross  streets,  there  is  some  loss  of  local  traffic,  as  a  line 
available  only  in  one  direction  is  apt  to  be  neglected  in  favour  of 
ordinary  omnibuses,  which  are  not  so  restricted.  A  loop,  therefore, 
should  be  made  as  short  as  possible,  the  double  line  being  resumed 
wherever  the  width  of  street  allows  it. 
Rail  gmuge.  Various  gauges  of  width  between  the  rails  have  been  tried,  but 

See a'*o ^.tge s%.    although  a  few  tramways  have"  been   constructed    as    narrow   as 

one  metre,  3  ft.  6  in.  and  4  ft,  the  standard  gauge  of  4  ft.  8j^  in.,  or 
some  close  approximation  to  it,  has  been  generally  adopted  where 
there  is  ample  width  of  roadway  ;  from  4  ft.  6  in.  to  5  ft.  3  in.  being 
limits  which  include  the  great  majority  of  town  tramways  in  Europe 
and  America.  The  standard  railway  gauge  seems  to  have  been 
adopted  originally  for  street  tramways  to  enable  railway  trucks  to 
run  on  them,  a  clause  to  that  effect  having  been  inserted  in  some  of 
the  earlier  Acts,  so  that  the  tramways  might  be  utilised  for  intercom- 
munication between  different  stations  and  railway  lines.  But  this 
power  seems  never  to  have  been  used,  and  the  narrower  gauges  are 
often  deemed  more  suitable  for  the  sharp  curves  met  with  in  street 

Narrow  gauge,    tramways.     In  Birmingham  the  3  ft.  6  in.  gauge  which'  was  applied 

to  the  earlier  lines  has  been  adopted  for  all  the  subsequent  lines. 
Two  horses  cannot  run  abreast  between  rails  much  closer  than 
the  standard  gauge  without  treading  on  the  rails,  which  would  cause 

One-horse  cars,   them  to  slip.     But  where  one-horse  cars  are  used,  or  mechanical 

traction,  a  gauge  as  narrow  as  one  metre  may  be  adopted  if  circum- 
stances demand  it.  The  narrow  gauge  allows  an  easier  transit  over 
curves ;  and  in  towns  where  the  streets  are  narrow  and  sharp  curves 
numerous,  narrow-gauge  lines  may  occasionally  be  adopted  with  ad- 
vantage. As  the  obstruction  to  ordinary  traffic  depends  not  on  the 
width  between  the  rails,  but  on  the  width  of  car,  it  is  the  body  of  the 
car  that  must  be  reduced  if  any  reduction  in  the  area  of  road  occu- 
pied is  to  be  effected ;  but  as  the  width  of  the  cars  is  determined  by 
the  space  necessary  for  passengers,  it  is  undesirable  to  have  cars 
narrower  than  6  ft.  6  in.  if  it  can  be  avoided.     A  gauge  wider  than 

4  ft.  8|^  in.,  though  unnecessary  for  the  cars,  is  more  convenient  if 
ordinary  vehicles  are  to  use  the  track  ;  and  in  some  of  the  tramways 
of  the  United  States,  where  the  track  is  intended  for  general  use,  a 
wide  rail  with  a  projecting  shoulder  is  laid  with  5  ft.  2  in.  gauge 

iriah  gauge,      inside  the  projection.     In  Ireland  the  Irish  railway  standard  gauge  of 

5  ft.  3  in.  was  adopted  for  the  tramways,  under  the  idea  of  using  them 


Part  I.] 


Town  Tramways. 


299 


Width  of  mid 
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for  railway  trucks  between  the  principal  stations.  This  wide  gauge  was 
inconvenient  for  sharp  curves,  and  to  meet  the  difficulty  the  wheels 
on  one  side  of  the  cars  were  made  to  run  loose  on  the  axles.  The 
unsuitability  of  the  wide  gauge  for  sharp  curves  was  demonstrated  in 
1895  at  Dalkey,  near  Dublin,  on  the  then  new  electric  tramway.  In 
Liverpool,  on  an  ordinary  railway  line  laid  through  the  docks  for 
goods  traffic  (the  rails  being  level  with  the  ground),  omnibuses  with 
unflanged  wheels  ran  regularly  till  the  omnibuses  were  superseded  by 
the  elevated  railway;  and  the  plan  has  even  been  tried  on  the 
Continent,  of  changing  the  wheels  of  the  cars  during  each  journey, 
when  they  arrive  at  or  leave  the  rail-track. 

Economy  in  width  is  obtained  sometimes  by  reducing  the  space 
{entre-voie)  between  the  up  and  down  lines;  but  the  saving  so 
obtainable  is  very  small.  As  each  car  projects  from  10  in.  to  14  in. 
beyond  the  rail  a  space  of  at  least  3  ft.  is  necessary ;  and  4  ft.  or 
4  ft.  6  in.  is  given  where  possible ;  but  the  space  is  often  reduced  to 
3  ft.  6  in.,  or  even  (for  a  few  yards  at  special  points)  to  3  ft.  While, 
however,  a  minimum  clearance  of  18  in.  between  passing  cars  is 
generally  deemed  necessary,  a  clearance  of  only  9  in.  has  been 
permitted  where  the  form  of  car  ensures  the  safety  of  the  passengers 
entering  and  leaving  the  cars.  Thus  in  Moscow,  one-horse  cars  are 
used  which  have  sliding  doors  on  one  side,  the  other  side  and  both 
ends  being  closed.  As  there  are  projecting  steps  only  where  the 
doors  occur,  the  car  has  a  lobsided  appearance.  In  a  double  line 
the  space  is  generally  determined  by  the  length  of  the  car  and 
the  nature  of  the  curves,  as  the  platform  ends  of  a  long  car  project 
considerably  beyond  the  rails  in  rounding  a  curve. 

When  the  sanction  of  the  road  authorities  to  a  tramway  is  withheld 
because  of  the  narrowness  of  the  streets,  which  might  be  blocked  by 
tram-cars  unable  to  move  from  the  track,  the  difficulty  may  be 
partially  met  by  constructing  the  wheels  of  the  tram-car  without  Wheels  without 
flanges,  so  that  they  run  only  upon  the  rail  and  not  in  the  groove  of 
the  rail ;  the  car  being  kept  upon  the  track  by  a  small  guiding-wheel 
in  front  of  the  ordinary  wheels,  running  in  a  groove,  either  on  one  or 
both  sides  of  the  car.  When  it  is  desired  to  leave  the  track,  the 
driver  can  do  so  by  raising  the  guiding-wheel  from  the  rail-groove  by  ouiiing  wheels, 
a  lever,  the  car  having  then  all  the  liberty  of  an  ordinary  omnibus. 
A  similar  arrangement  to  this  was  tried  on  the  first  tramway  running 
to  Peel  Park,  Manchester.  This  plan,  which  has  also  been  in 
operation   on   a   portion   of  the   tramway  lines   in    Hamburg  and 
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Copenhagen,  resembles  in  some  degree  the  system  at  Liverpool,  but 
has  the  obvious  disadvantage  that  the  weight  of  the  loaded  car  must 
be  determined  by  what  the  horses  can  draw  in  a  short  effort  when  off 
the  track,  although,  of  course,  there  remains  in  favour  of  the  horses 
for  the  greater  distance  the  ease  of  traction  on  the  rails. 

As  a  tramway  must  follow  the  existing  lines  of  streets,  curves  are 
unavoidable,  especially  in  old  towns ;  the  more  difficult  cases,  how- 
ever, being  those  where  the  track  passes  from  one  street  to  another  at 
right  angles  ;  but  wherever  the  space  allows  it  the  radius  of  the  curve 
should  be  as  great  as  possible.  But  though  in  curved  streets,  or  at 
passing-places,  an  easy  radius  is  generally  obtainable,  there  are  cases 
where  the  track  is  so  continued  from  one  street  to  another  that  sharp 
curves  are  unavoidable.  At  such  places  a  radius  of  80  ft.  is  frequent, 
and  occasionally  50  ft.,  or  even  in  some  rare  cases,  20  ft.  is  all  that 
can  be  obtained.  Although  tram-cars  can,  as  already  stated,  be 
pulled  round  sharp  curves,  they  undergo  a  severe  strain,  and  the 
track  at  such  places  needs  frequent  repairs.  The  difficulty  arises 
from  two  distinct  causes,  one,  that  as  the  wheel  on  the  outer  rail  has 
to  travel  a  longer  distance  than  the  wheel  on  the  inner  rail,  to  which 
it  is  united  by  the  same  axle,  one  wheel  has  therefore  to  slip  on  the 
rail,  so  increasing  the  friction  and  abrasion  ;  the  second  cause  is,  that 
the  two  axles  of  the  car  are  parallel,  while  the  curve  demands  that 
they  should  radiate  from  the  centre  of  the  curve,  and  owing  to  the 
non-flexibility  of  the  cars  in  this  respect  there  is  great  friction  between 
the  wheels  and  the  rails.  It  has  been  attempted  to  meet  the  first 
difficulty  by  allowing  one  wheel  upon  each  axle  to  run  loose,  so  that 
it  can  revolve  independently  of  the  other,  but  wheels  so  arranged 
need  careful  attention  or  they  would  soon  get  out  of  order.  Another 
plan  is  to  cut  the  axle  in  the  middle,  so  that  each  with  its  wheel 
revolves  independently,  though  with  the  same  axial  line  as  the  other. 
It  has  been  attempted  to  meet  the  difficulty  by  pivoting  the  car  on 
short  "  bogie  "  trucks,  as  is  done  on  railways,  and  this  is  generally  on 
large  cars  drawn  by  a  locomotive ;  but  on  the  great  majority  of  tram- 
ways the  passage  of  cars  round  sharp  curves  is  mainly  facilitated  by 
the  short  wheel  base  which  is  generally  adopted,  and  in  towns  with 
narrow  streets  and  where  sharp  curves  are  unavoidable,  the  adop- 
tion of  a  narrow  guage  of  3  ft.  6  in.,  as  in  Birmingham,  or  the  gauge 
of  one  metre  would  be  advantageous. 


Gradients. 


3.  The  Gradients, — A  hilly  city  is  not  favourable  for  tramways 
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worked  by  horses,  steep  inclines  being  even  more  unfavourable  to 
tram-cars  than  to  ordinary  vehicles.  The  superiority  which  metallic 
rails  have  over  an  ordinary  road  lies  in  the  level  smoothness  of  the 
surface,  the  absence  of  small  inequalities,  and  in  the  consequent  ease 
of  traction.  On  a  level  route  the  advantage  of  a  rail  track  over  the 
best  highway  in  regard  to  the  haulage  power  required  to  keep  the 
cars,  when  once  started,  in  motion,  is  about  as  6  to  i,  and  if  com- 
pared with  a  rough  or  badly-kept  road,  is  even  as  great  as  10  to  i. 
But  these  advantages,  while  afforded  by  a  railroad  where  the  rails  are 
raised,  are  not  obtainable  on  a  town  line  with  grooved  rails  which 
hold  grit  and  mud.  There  is  then  little  difference  in  favour  of  the 
tram  line  as  compared  with  a  smooth  wood  or  asphalte  road.  Still, 
because  of  the  generally  more  easy  traction  the  tram<ars  can  be, 
and  generally  are,  much  more  heavily  loaded  than  omnibuses  drawn 
by  the  same  number  of  horses.  While,  however,  the  skill  of  the 
engineer  is  thus  effectual  in  reducing  friction,  the  increment  of 
resistance  due  to  gravity  on  an  ascending  gradient  cannot  be  re- 
duced, and  as  the  loaded  tram-car  weighs  more  than  the  omnibus, 
the  resistance  is  increased  in  a  greater  proportion.  For  instance,  on 
a  gradient  of  2  in  100,  the  dead  weight  of  the  loaded  car  has  to  be 
lifted  vertically  two  feet  for  each  100  feet  traversed;  or  assuming  the 
weight  of  the  loaded  car  to  be  8000  lbs.,  and  therefore  this  number 
of  foot-pounds  to  be  raised,  an  extra  force  of  160  foot-pounds  has  to 
be  exerted  for  each  foot  of  forward  motion.  And  as  the  tractive 
force  necessary  to  draw  such  a  car  on  the  level  is  only  from  70  to 
140  lbs.,  according  to  the  condition  of  the  rails,  it  will  be  seen  that  a 
gradient  of  only  2  per  cent,  will  double  or  treble  the  force  necessary 
to  haul  the  car. 

On  long  lines  of  tramway,  with  generally  level  roads,  occasional 
moderate  gradients  may  be  overcome  without  extra  horses,  because 
horses  are  capable  of  great  effort  for  short  periods ;  but  where  the 
ascents  are  steep  or  continuous,  extra  horses  are  necessary.  Long 
level  tracks  with  a  few  sharp  ascents  are  less  distressing  to  the 
horses  than  long  stretches  of  even  slight  incline.  The  reduction  in 
speed,  the  strain  and  wear  and  tear  on  the  horses,  and  the  consequent 
increase  of  working  expenses  which  frequent  or  steep  gradients 
involve,  tell  heavily  against  the  profits  of  a  tramway.  In  London 
the  gradients  range  from  i  in  25  to  i  in  3000,  there  being  a  few  long 
stretches  of  from  500  to  900  yards  with  gradients  of  i  in  60,  and  a 
few  short  steep  ascents  of  i  in  25  and  i  in  30.     It  is  in  the  substitu- 
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Mechanical  haul-  tion  of  Steam  OF  Other  mechanical  haulage  for  horse  traction  that  the 

solution  of  difficulties  arising  from  steep  gradients  lies.     Cars  with 

5-r^/a^«  3x3-17.     powerful  motors  can  ascend  gradients  of  i  in  15  without  difficulty, 

while  cable  cars  can  surmount  any  gradient  however  steep. 
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4.  The  kind  of  Rail-tr(uk  and  Road-paving, — Tramway  rails  have 
to  satisfy  two  principal  conditions,  which  to  some  extent  are  in 
conflict.  The  rail  must,  by  a  groove,  a  shoulder,  or  otherwise, 
accommodate  a  flanged  wheel,  and  it  must  obstruct  as  little  as 
possible  the  ordinary  traffic  of  the  road.  It  is  obvious  that  a  raised 
rail,  such  as  is  used  upon  a  railway,  would  interfere  with  ordinary 
vehicles,  and  wherever  tramways  have  been  introduced,  conformity 
to  rules  having  regard  to  this  is  demanded  by  the  municipal  authori- 
ties, the  conditions  being  stricter  in  some  cases  than  in  others. 

On  country  roads,  where  there  is  space  for  the  tramway  without 
trenching  upon  the  track  of  ordinary  vehicles,  a  raised  rail  may  be  per- 
missible, as  in  the  case  of  the  Douglas  electric  tramway  in  the  Isle  of 
Man,  the  Dublin  and  Blessington,  the  Portrush  and  Giant's  Causeway, 
and  other  lines.  But  these  may  be  classed  among  "  light  railways," 
referred  to  in  another  chapter.  But  if  such  a  tramway  is  continued 
into  a  town,  the  rail  must  be  made  level  with  the  road  surface  ;  and 
to  do  this  effectually  a  second,  or  guard  rail  (65),  must  be  placed,  as 
is  done  on  the  level  crossings  of  railways.  Such  a  method  (which 
has  been  used  in  Berlin  and  on  other  German  tramways)  is  not 
generally  adopted,  and  in  a  climate  hke  that  of  England  the  groove 
between  the  rails  is  liable  to  be  obstructed  by  dirt* 

In  the  earlier  tramways  of  the  United  States  an  almost  plain  bar 
of  iron  was  used  as  a  rail,  but  the  flanges  of  the  wheels  soon  wore  an 
irregular  groove  or  rut  between  the  rail  and  the  road  paving.  The 
crescent  rail,  as  this  is  called,  although  still  used  on  some  of  the  less  im- 
portant lines  in  America,  has  been  generally  superseded  by  rails  of  an 
entirely  different  kind.  The  grooved  rail  (not  however,  till  1890,  of  the 
forms  used  in  England)  is  adopted  on  some  of  the  tramways  in  America, 
but  the  rails  in  general  use  there,  and  known  as  the  American  step  rail, 
while  varying  on  different  lines  in  regard  to  form,  are  not  grooved, 
but  have  in  common  a  flat  surface  and  a  projecting  shoulder, 
features  in  which  they  differ  radically  from  the  grooved  rails  used  in 
Great  Britain.  Figs.  67  and  68  show  the  earlier  types  of  these  rails, 
which  were  sufficient  for  light  horse-cars,  but  with  heavier  cars  and 
mechanical  haulage  much  stronger  rails  have  become  necesssary,  of 
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which  Fig.  69  is  an  example.  These  rails  range  from  4  in.  to  8  in. 
deep,  and  weigh  from  35  lbs.  to  70  lbs.  per  yard.  They  may  be  placed 
on  timber  sleepers  or  concrete,  and  in  some  cases  the  granite  paving 
setts  are  arranged  so  as  to  project  and  form  a  groove,  minimising  the 
obstruction  to  ordinary  traffic.  The  American  rails  are  undoubtedly 
the  best  for  the  tramway  proprietors  (unless  they  are  responsible  for 
damage  to  other  vehicles),  for  the  shoulder  gives  a  sufficient  side 
bearing  for  the  flanged  wheel,  with  less  friction  than  that  caused  by  Set  aUo^ge  305. 
the  grooved  rail;  the  surface  is  wide  enough  to  allow  latitude  for 
irregularities  in  the  gauge  either  of  the  track  or  the  car-wheel,  and 
the  rail  is  easily  kept  clean,  a  circumstance  of  great  importance  in 
towns  specially  liable  to  snow  and  dirt.  It  is  obvious,  however,  that 
the  projecting  shoulder  is  a  great  obstruction  to  ordinary  traffic,  and 
in  American  cities,  when  such  rails  are  used,  it  is  difficult  for  ordinary 
vehicles  to  cross  the  track  except  at  right  angles  to  it.  But  in  the 
principal  American  cities  the  standard  of  excellence  in  regard  to  a 
level  road  surface  is  likely  to  attain  that  usual  in  Europe.  Various 
kinds  of  rail  have  been  devised  to  meet  the  conflicting  conditions 
aboved  described — the  side  bearing  for  the  flange,  absence  of  friction,  Flush  raiu 
easy  cleaning,  and  at  the  same  time  a  flush  surface  for  the  ordinary  Great\S5ain. 
traffic.  But  such  attempts  have  not  been  successful,  and  in  Great 
Britain  and  on  most  of  the  Continental  tramways  a  projecting 
shoulder  on  the  rail  is  not  allowed,  no  condition  being  more 
jealously  enforced  in  new  concessions  than  that  of  the  flush  rail, 
which  presents  the  minimum  obstruction  to  ordinary  vehicles.  In 
Great  Britain  this  Jound  expression  in  the  animated  and  often  acri- 
monious discussions  in  Parliament  and  in  the  local  governing  bodies, 
which  preceded  the  authorisation  of  tramways  in  1865-72. 

The  grooved  rails,  laid  flush  with  the  road  as  on  most  European  Grooved  rails 
tramways,  present,  in  theory,  no  obstruction  whatever  to  the  general  ""  ^  "**  • 
traffic  of  the  streets,  for  while  the  wheels  of  ordinary  vehicles  can 
run  upon  the  surface  of  the  rails,  and,  if  the  line  be  in  good  order, 
cross  them  without  jolting,  the  groove  is  too  narrow  to  allow  of  wheels 
slipping  into  it — a  liability  which  would  obviously  render  the  track 
unsafe.  The  narrowness  of  the  groove  is,  however,  an  inconvenience 
to  the  tramway  company,  as  it  is  liable  to  be  obstructed  by  dirt  or 
grit,  and  requires  constant  attention  to  keep  it  clean. 

The  earlier  forms  of  grooved  rail  were  made  with  a  flat  base 
(70),  and  were  held  down  to  the  sleepers  by  vertical  spikes,  this 
arrangement  allowing  the  rail  to  be  easily  fixed  or  replaced  without  ^^ 
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disturbing  the  road  or  substructure  ;  but  it  was  found  that  such  spikes 
cannot  resist  the  strains  caused  by  cross-traffic  or  by  the  natural 
tendency  of  the  rail  to  curve  upwards ;  that  the  spike-holes  weakened 
the  rail  and  admitted  moisture  to  the  timber,  causing  it  to  decay ;  and 
that  some  kind  of  side  fastening  is  necessary.  A  remedy  widely 
adopted  to  meet  these  defects  was  the  box-rail  (71,  72,  73),  with  holes 
only  in  the  side  flanges.  These  rails  have  been  laid  on  many  of 
the  European  tramways,  and  are  still  in  use  on  many  horse-car  lines. 
But  while  a  great  variety  of  systems  have  been  devised  and  numerous 
forms  of  rail  patented,  yet  so  long  as  rails  have  to  be  attached  directly 
to  longitudinal  timbers  there  is  great  difficulty  in  maintaining  a  good 
track  in  cities  where  the  traffic  is  severe,  and  especially  where  there 
is  also  great  moisture. 

The  general  adoption  of  street  tramways  in  Europe  having  directed 
the  attention  of  many  engineers  to  the  subject,  led  to  further  improve- 
ments in  the  permanent  way,  determined  to  a  large  extent  by  the  local 
standards  of  street  paving  and  by  the  nature  of  the  ordinary  carriage 
traffic.  While,  on  a  railway,  the  wearing  of  the  rails  depends  upon 
the  kinds  of  engines  and  carriages,  and  the  frequency  of  the  running, 
the  endurance  of  a  street  tramway  depends  more  upon  the  amount  of 
ordinary  wheeled  traffic,  and  on  the  grit  or  mud  allowed  to  accumu- 
late on  the  principal  roads. 

In  European  cities  longitudinal  timbers  were  in  1898  becoming 
obsolete,  and  this  is  for  some  reasons  to  be  regretted,  as  the  timber 
absorbs  vibrations  and  the  cars  ran  with  less  noise  than  on  a  metallic 
and  concrete  base.  Timber  is  also  less  trying  for  steam  engines,  but 
as  the  slower  motion  renders  an  elastic  road  less  necessary  than  on 
a  railway,  it  is  considered  on  the  whole  desirable  to  take  advan- 
tage of  the  great  durability  of  steel  as  compared  with  that  of  timber. 

In  cities  with  busy  traffic  the  heavily  laden  drays  and  waggons 
subject  the  rails,  not  only  to  pressure  and  abrasion,  but  to  side 
wrenches  which  tend  to  disturb  the  width  of  gauge,  and  cause 
grooves  and  ruts  where  the  street  paving  joins  the  rails.  An  in- 
crease in  the  weight  and  strength  of  rails,  and  the  use  of  metallic 
sleepers,  have  been  the  directions  in  which  improvement  has  been 
sought. 

There  has  been  a  great  variety  of  such  systems,  and  the  choice 
depends  on  the  nature  of  the  substratum  or  road  foundation  which  is 
available.  Where  there  is  only  a  loose  or  sandy  soil,  or  even  where 
there  is  old  macadam,  sleepers  of  some  kind  which  grasp  a  considerable 
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area  are  necessary.  Pressed  steel  in  a  trough  form  is  then  convenient. 
If  laid  longitudinally,  the  sleeper  b  (Fig.  74)  can  then  either  be  con- 
tinuous or  laid  at  intervals  as  an  elongated  shallow  pot  sleeper  with 
cast-iron  chairs  or  stools  a  for  receiving  the  rails.  Another  plan  is 
to  support  the  track  on  cross  sleepers  A  (Fig.  75)  with  cast-iron 
chairs  high  enough  to  allow  the  stone  paving  setts  to  be  well  above 
the  sleepers,  the  soil  in  the  space  between  being  well  rammed.  This 
method  is  sometimes  adopted  where  the  expense  of  a  concrete  base 
cannot  be  incurred,  but  in  such  cases  the  paving  setts  are  sure  to 
yield  under  heavy  traffic  and  to  give  an  uneven  surface. 

A  permanently  solid  roadway  can  only  be  constructed  with  a 
substratum  of  concrete  which,  while  it  affords  the  best  base  for 
ordinary  street  traffic,  is  also  the  best  kind  of  support  for  the  tram 
rails,  which  can  then  be  laid  without  the  interposition  of  any  sleepers 
or  chairs.  In  America,  where  after  1895  a  solid  road  bed  of  con-  Cor 
Crete  was  coming  into  use  in  some  of  the  American  cities,  beam  rails 
(Fig.  69)  with  a  projecting  lip  or  shoulder  were  so  laid.  In  England, 
where  in  all  large  cities  concrete  is  used  as  a  basis  for  any  kind  of 
paving,  whether  stone,  wood,  or  asphalte,  the  beam  rail  was  becoming 
universal  after  1890  except  for  lines  with  light  horse<ars.  These 
rails  (Fig.  76)  have  a  base  wide  enough  to  transmit  the  load  to  the 


concrete,  and,  in  fact,  serve  as  sleeper  and  rail  in  otx.  They  range 
in  depth  from  5  in.  to  9  in.,  with  flanges  3  in.  to  6  in.  wide,  and 
weigh  from  40  to  100  lbs.  per  lineal  yard.  They  cost  about  30^.  per 
ton  more  than  the  price  current  for  railway  rails.  The  maintenance 
of  gauge  is  assisted  by  tie-rods  across  the  track,  and  by  strong  tishing- 
joints.     Fig.  77  shows  such  an  arrangement. 

The  durability  of  the  road  bed  depends  largely  on  the  effective 
maintenanceof  the  rail  joints.  It  is  found  that  weak  joints  shake  under 
the  jarring  of  the  cars  and  so  loosen  the  concrete  substratum  and 
deprive  the  rails  of  their  support.     This  evil  is  partly  met  by  using 
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long  and  strong  fish-plates.  In  some  American  cities  the  plan  was 
tried,  in  1894,  of  electric-welding  the  rail  joints  in  situ  so  as  to 
form  one  continuous  rail.  This,  though  intended  as  a  substitute 
for  bonding  in  electric  tramways,  would  remedy  the  above  evil,  but 
the  welding  plant  is  costly  and  there  is  the  expense  and  trouble  of 
cutting  the  rails  when  they  have  to  be  replaced.  Another  plan  has 
been  tried  in  America  of  the  "  cast-welded  "  rail  joint.  A  mould  is 
formed  round  the  joint  in  sitv^  and  molten  iron  run  into  it  from  a 
portable  furnace.  The  mode  of  traction  goes  far  to  determine  the 
weight  and  strength  of  rail.  For  horse-cars,  light  rails  will  last  a  long 
time,  while  for  locomotive  traction  or  for  any  electric  system, 
stronger  rails  are  necessary  because  the  cars  are  heavier.  For  most 
electric  systems  the  rails  must  be  bonded  with  copper  to  form  effective 
conductors  for  the  return  current. 

From  the  commencement  of  tramway  enterprise  it  has-been  the 
almost  invariable  condition  in  the  concessions,  or  charters,  that  the 
proprietors  of  the  tramway  shall  pave,  and  maintain  in  good  order, 
not  only  the  space  between  the  rails  (and  where  there  is  a  double 
line  the  entre-voie^  or  inter-space),  but  a  certain  width  beyond  the 
outer  rails  also.  Thus,  in  France,  the  outside  strips  of  paving  to  be 
so  laid  and  maintained  by  the  concessionnaires  are  o  •  450  metres  (\Z\n,) 
wide  on  macadam  {empierrees)  roads,  and  0*250  metres  (10  in.)  on 
paved  roads.  In  England  18  inches  was  formerly  specified;  but  the 
demands  of  the  road  authorities  have  become  more  exacting  than  in 
the  case  of  the  earlier  tramways,  and  on  some  of  the  metropolitan 
lines  the  whole  street  (up  to  a  width  of  30  ft.)  has  to  be  paved  by  the 
tramway  proprietors.  In  the  large  cities  of  the  United  States,  although 
conditions  as  to  paving  and  other  matters  are  nominally  imposed, 
the  tramway  companies  have  asserted  and  have  been  able  to  maintain 
a  greater  independence  of  the  municipal  authorities  than  is  allowed 
in  European  cities,  and  the  standard  of  quality  in  road  paving  has 
been  a  much  lower  one.  In  the  principal  American  cities,  however, 
these  conditions  have  since  1894  been  rapidly  changing  for  the 
better. 

Where  the  roads  chosen  for  tramway  routes  are  only  macadamised 
it  would  be  cheaper  for  the  tramway  proprietors,  if  their  own  traffic 
were  alone  in  view,  to  maintain  the  road  material  as  they  find  it,  or, 
at  most,  if  the  traction  be  by  horses,  to  put  a  light  paving  in  the  horse- 
track.  It  is,  however,  impossible  to  keep  the  macadamised  roads 
level  with  the  rails,  and  even  the  plan  of  laying  one  row  of  granite 
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setts  between  the  rail  and  the  macadam  has  been  found  insufficient 

where  there  is  much  street  traffic  and  variable  weather,  as  in  England. 

On  the  best  made  lines,  therefore,  it  is  customary  to  pave  the  entire     Granite  paving. 

surface  which  is  under  the  charge  of  the   tramway  company  with 

granite  blocks  or  setts ;  other  kinds  of  stone  paving,  or  wood  blocks 

or  asphalte,  being  used  in  some  localities.     But,  whatever  be  the 

material  with  which  the  road  is  paved,  it  is  always  liable  to  wear  into 

a  rut  at  its  longitudinal  junction  with  the  rail ;  and  the  evenness  of 

the  road  surface  being  thus  disturbed,  ordinary  vehicles  are  jolted  as 

they  pass  over  the  track,  and  this,  though  of  little  consequence  in  the 

case  of  carts  and  waggons,  is  a  constant  source  of  grievance  to  those 

who  ride  in  carriages.     The  paving  has  to  be  frequently  relaid  or 

adjusted,  or  in  some  cases  the  granite  re-worked   in  situ,  the  rut 

projections  being  cut  away.     Various  alterations  in  the  construction 

of  the  permanent-way  have  been  tried  to   remedy  these  evils,  but 

their  success  largely  depends    on    the  co-operation   of   the  road 

authorities. 

The  difficulties  in  connection  with  the  street  paving  arise,  to  a 
large  extent,  from  the  division  of  authority  over  the  road,  and  the  Divided  authority, 
hurried  manner  in  which  the  tramways  have  frequently  to  be  con- 
structed. If  the  entire  width  of  the  street  could  be  given  up  to  the 
tramway  engineers  for  a  time  sufficient  to  allow  a  solid  concrete 
foundation  to  set  properly,  and  if  then  the  paving  were  laid  uniformly 
frotn  curb  to  curb  across  the  street,  the  tramway  being  taken  as  a 
*  non-yielding  standard  level,  the  chances  in  favour  of  maintaining  the 
.road  in  good  order  would  be  much  increased.  Indeed,  when  a  tram- 
way is  to  be  first  laid,  a  convenient  opportunity  is  affiarded  to  the 
road  authorities  to  construct  a  good  road,  or  to  change  a  macadam- 
ised to  a  paved  road;  and  they  might,  with  fairness,  contribute  a 
reasonable  share  of  the  expense.  In  so  far  as  the  tramway  company 
bears  the  cost  of  paving  a  road  which  is  to  serve  for  general  traffic, 
and  of  the  total  wear  of  which  only  a  small  proportion  is  due  to  the 
tram-cars,  the  saving  to  the  road  authorities  may  be  considered  as 
rent  paid  by  the  tramway  company,  and  in  any  statement  of  cost  and 
profit  such  expenditure  may  conveniently  be  kept  distinct. 

In  the  construction  of  a  tramway,  the  road-paving  forms  one  of 
the  most  important  items  of  expense.  In  English  cities  granite  setts 
(generally  from  Scotland,  Guernsey,  or  Cornwall)  are  used  for  paving, 
and  the  exact  cost  of  the  material,  in  each  case,  depends  on  the 
distance  from  the  quarries  and  the  expense  of  carriage.    The  paving 
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of  some  of  the  most  crowded  streets  of  London  is  formed  of  granite 
setts  as  deep  as  9  in.,  laid  on  9  in.  of  concrete,  but  7  in.  granite  on 

6  in.  of  concrete  is  the  general  depth  for  roads  along  which  tramways 
have  been  laid.  The  cost  of  picking  up  and  conveying  away  the 
materials  of  a  macadamised  road  is  about  ix.  to  ix.  6//.  per  super- 
ficial yard  (according  to  the  cost  of  cartage),  and  the  expense  of 
paving  depends  on  the  local  cost  of  concrete  and  granite.  Lime 
concrete  laid  in  place  costs,  in  English  towns,  from  8x.  to  lox. 
per  cubic  yard,  and  the  thickness  of  6  in.,  usual  as  a  substratum  to 
paving,  may  be  valued  at  u.  6//.  per  superficial  yard.     Granite  setts, 

7  in.  deep  and  3  in.  wide,  cost  in  London  from  33J.  to  38X.  per 
ton  (including  about  I2J.  per  ton  for  carriage  from  the  quarry), 
and  one  ton  will,  when  laid  in  place,  cover  3  square  yards,  the  labour 
costing  about  9^/.  per  square  yard.  The  total  expense  of  altering  a 
macadam  road  to  one  paved  with  granite  averages  about  it^s.  per 
square  yard.  Including  the  first  cost  of  paving,  and  the  expenses  of 
renewals  and  repairs,  it  has  been  found  (after  taking  credit  for  the 
selling-price  of  worn  setts)  that  the  cost  of  granite  paving  in  London 
taken  over  a  long  term  of  years  (excluding  a  few  very  exceptional 
cases),  ranges  from  lo//.  to  \s,  6//.  per  square  yard  per  annum, 
according  to  the  severity  of  the  traffic. 

It  will  be  seen  from  the  foregoing  figures  that  the  paving  with 
granite  on  concrete  of  a  track  8  ft.  wide,  as  suitable  for  a  single 
tramway,  including  18  in.  of  paving  on  each  side,  will,  according  to 
the  English  standards  of  price,  cost  about  ;£'3Soo  per  mile ;  and  of 
a  track  17  ft.  wide,  for  a  double  tramway,  about  ;^75oo  per  mile. 
In  many  city  streets  already  paved,  it  is  not  necessary  to  lay  new 
concrete  and  new  granite  over  the  whole  route,  and  the  cost  is  so 
much  the  less. 


Tramcars. 


One-horse  cars. 


5.  The  Cars. — Various  kinds  and  sizes  of  cars  are  used  on  tram- 
ways, and  the  choice  is,  in  each  case,  principally  determined  by  the 
climate,  the  amount  of  traffic,  and  the  gradients.  Although  there  are 
great  differences  in  the  length  of  cars,  the  width  is  generally  from  6  to 
7  ft.  One-horse  cars  vary  from  8  ft.  to  15  ft.  in  length,  seating  from 
10  to  22  persons.  An  open  one-horse  car  weighs,  when  empty,  from 
20  cwt.  upwards,  and  costs  from  ;^7o  to  ;^ioo.  A  closed  car  weighs 
from  24  cwt.  to  30  cwt.,  and  costs  from  ;£^i2o  to  ;^i5o.  One-horse 
cars  are  most  suitable  for  level  lines,  where  there  is  a  small  or  constantly 
changing  traffic ;  the  tramway  in  such  cases  being  much  more  likely 
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to  be  popular  and  profitable  if  small  cars  run  frequently  than  if  large 
cars  run  at  longer  intervals.  As  one-horse  cars  weigh  more,  in  pro- 
portion to  the  accommodation  they  afford,  than  two-horse  cars, 
either  the  passengers  must  be  limited  in  number  or  the  strain  upon 
the  horses  be  increased,  and  therefore  it  is  very  important  to  keep 
the  weight  as  low  as  possible.  Where  the  wages  of  two  men  would 
bear  heavily  on  the  earnings  of  the  smaller  one-horse  cars,  the  pas- 
senger fares  may  be  collected  by  the  driver ;  and  what  is  known  as 
the  "  fare  box  "  system  has  been  successfully  adopted  in  America  and 
in  some  European  towns  to  meet  such  cases.  As  the  passengers  pass 
into  the  car  they  deposit  the  fare  in  a  box  by  the  side  of  the  driver, 
he  being  furnished  with  packets  of  small  money  for  those  who 
need  change;  but  no  change  is  given  for  coins  dropped  into  the 
box. 

If  the  numbers  in  all  countries  be  reckoned,  the  great  majority  of 
cars  are  constructed  for  inside  passengers  only.  Such  cars,  if  with 
two  horses,  generally  vary  in  length  from  10  ft.  to  16  ft,  and  have 
seats  for  from  14  to  24  passengers,  although,  in  the  absence  of 
effective  bye-laws,  a  much  larger  number  will  crowd  on  or  into  the 
car.  The  weight  of  two-horse  cars  of  this  kind  ranges  from  25  to 
36  cwt.;  and  the  cost  from  ;£'i5o  to  ^^200,  the  exact  price  being 
determined  not  only  by  the  size  of  the  car  but  by  the  nature  of  the 
fittings,  ventilators,  cushions,  lamps,  stoves,  and  other  accessories. 
Cars  having  only  inside  seats  generally  measure  about  9  fl.  6  in. 
from  the  ground  to  their  highest  point  and  a  corresponding  headway 
is  necessary  under  bridges  which  cross  the  track. 

In  climates  as  cold  as  those  of  Great  Britain,  Russia,  and  the 
northern  parts  of  France  and  Germany,  cars  entirely  open  are  seldom 
used,  except  occasionally  as  workmen's  cars  at  low  fares ;  but  as  in 
such  climates  omnibuses  with  outside  seats  are  customary,  tram-cars 
are  also  constructed  to  carry  passengers  on  the  roof,  there  being 
generally  about  an  equal  number  of  seats  inside  and  outside ;  the 
total  number  ranging  from  about  36  to  56.  Thus  in  Berlin  there 
are  cars  with  seats  for  56  passengers,  while  in  London  the  cars  are 
generally  made  about  16  ft.  long,  weigh  from  45  to  55  cwt.,  and  have 
at  most  seats  for  46  persons,  crowding  beyond  the  prescribed  number 
being  prevented.  Such  cars  cost  from  ^160  to  .'(r2oo.  In  London, 
the  cars  measure  about  1 1  ft.  6  in.  from  the  ground  to  the  topmost 
hand-rail,  and  a  minimum  headway  below  overhead  bridges  of  13  ft. 
6  in.  is  necessary  even  for  seated  passengers;  but  16  ft.  is  required 
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for  the  safety  of  passengers  who  might  stand  up.  The  extra  weight 
of  outside  seats  and  passengers  renders  such  cars  unsuited  for  horse 
tramways  with  steep  or  frequent  gradients  ;  but  as  mechanical  trac- 
tion becomes  generally  adopted,  it  is  probable  that  heavily-loaded 
cars  will  be  more  common.  When  experience  has  been  gained  in 
the  working  of  a  tramway,  economy  may  be  greatly  promoted  by 
choosing — ^as  the  periods  of  renewal  occur — cars  of  a  size  suited  to 
the  average  number  of  passengers,  so  avoiding  the  unremunera- 
tive  haulage  expenditure,  which  the  use  of  large  but  only  partially- 
filled  cars  involves. 

One-horse  cars  are  sometimes  constructed  to  carry  two  classes 
of  passengers;  such  cars  having  room  for  four  of  the  lower-fare 
passengers  at  each  end,  and  six  or  eight  high-priced  seats  in  the 
interior.  Outside  seats  afford  facility  for  classing  the  passengers, 
so  rendering  the  tramways  useful  and  popular  among  a  mixed 
population.  In  some  Continental  towns  the  cars  are  divided 
into  I  St,  2nd,  and  3rd  class,  and  even  occasionally  4th  class  at  very 
low  fares  for  workmen.  Even  during  the  winter,  in  St.  Petersburg, 
passengers  travel  at  the  lower  fares  outside  the  cars ;  but  in  some 
places  where  the  cold  renders  outside  seats  unpopular,  but  wher© 
the  traffic  is  great  and  a  level  road  allows  easy  traction  for  heavy 
loads,  two-storied  cars  are  used  in  the  winter,  the  upper  tier  being 
enclosed  with  sides  and  windows  somewhat  in  the  same  way  as  are 
the  two-storied  carriages  on  the  suburban  railways  of  Paris,  and 
elsewhere.  In  Bradford,  Huddersfield,  and  other  busy  towns,  tram- 
cars  of  this  kind  (81),  hauled  by  little  locomotives  (88),  are  used  at 
all  seasons,  the  upper  story  forming  a  smoking  carriage.  These  cars 
are  unsightly,  and  tend  to  prejudice  the  public  against  the  tramways 
which  adopt  them.  Tram-cars  of  this  kind  are  also  used  in  Hamburg 
and  Copenhagen,  and  are  sometimes  made  so  that  the  cover  of 
the  outside  seats  niay  be  removed  in  the  summer.  In  Christiania 
(Norway),  where  the  tram-cars  are  in  winter  stopped  by  the  snow, 
and  where  the  non-employment  of  the  men  and  horses  would  cause 
serious  loss,  one-horse  cars  (82)  are  placed  upon  sleigh  runners  (83) 
with  two  horses  attached,  the  cars  running  only  half  as  frequently 
as  in  summer,  but  at  a  double  rate  of  fares.  A  peculiar  type  of 
tram-car  which  has  been  used  in  some  Russian  towns  has  already 
been  referred  to  on  page  299,  as  allowing  a  narrow  interway 
between  the  two  tracks,  there  being  no  projection  on  the  closed 
side.      The  car,  which  is  15  ft  9  in.  long  and  6  ft.  5  in.  wide,  is 
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entirely  closed  at.  the  ends  and  at  one  side,  so  that  there  are  no 
through  draughts.  Ahout  two-thirds  of  the  car  contains  seats,  x, 
and  one-third,  a,  is  a  covered  platform  for  smokers,  o  o  are  sliding 
.doors,  and  f  is  the  driver's  seat.  The  car,  which  has  a  short  wheel- 
base,  is  turned  (without  the  horses  being  detached)  at  the  end  of 
each  journey,  on  a  small  turntable  sunk  on  the  track. 

Cars  with  outside  seats  on  the  roof  are  seldom  used  in  hot 
climates,  like  those  of  India,  South  America,  Spain,  or  Italy,  though 
occasionally  outside  seats  with  awnings  are  employed ;  but  in  some 
of  these  countries,  during  the  hot  seasons,  the  car  windows  are 
removed,  louvre-blinds  (85)  being  sometimes  substituted,  and  the 
cars  are  so  made  that  the  body  may  be  in  summer  removed 
from  the  platform,  and  seats  covered  by  an  awning  substituted. 
Cars  with  a  roof  only  (86),  or  even  quite  uncovered,  are  used  in 
summer  (often  specially  as  cars  for  smokers)  in  Italy,  Spain,  South 
America,  and  elsewhere ;  awnings  and  curtains  being  provided  as  a 
shelter  from  the  sun ;  and  in  some  Italian  cities  none  but  open 
cars  are  used.  The  seats  of  open  cars  are  usually  arranged  vis-a-vis 
across  the  car  (87),  and  sometimes,  where  the  traction  is  easy,  such  cars 
are  made  as  long  as  25  ft.,  weigh  about  32  cwt,  and  seat  40  persons ; 
but  more  often  the  length  is  from  12  ft.  to  18  ft.,  the  seats  from  16 
to  32  in. number,  the  weight  from  20  to  30  cwt.,  and  the  cost  from 
.;£'ioo  to  ;^i4o.  Cars  for  cable  lines  cost  about  ^20  more  than 
horse-cars  carrying  the  same  number  of  passengers.  For  electric 
trolly  lines  the  cars  cost,  including  the  motors  on  them,  from  ^£"600 
ta  ;^8oo  each. 

For  export,,  the  wheels  and  platforms  can  be  placed  inside  the 
body  of  the  car,  which  is  generally  packed  as  a  whole  in  a  large 
case ;  though  sometimes,  if  the  wheels  be  fitted  to  the  axles,  they 
are  packed  separately.  The  freight  is  always  by  "measurement" 
tonnage,  or  at  special  rates,  the  dimensions  being  approximately 
ascertainable  by  an  allowance  of  3  in.  on  all  sides  of  the  car, 
and  when  because  of  the  bulkiness  of  the  packages  they  have 
to  be  carried  as  deck  cargo,  high  rates  of  freight  are  sometimes 
demanded.  The  packages  add  about  5  per  cent,  to  the  cost  of 
the  cars. 

As  the  number  of  cars  depends  not  on  the  length  of  the  line  but 
on  the  number  of  passengers  to  be  carried,  there  is  no  particular 
relation  between  the  expenditure  on  the  fixed  works  of  a  tramway 
and  on  the  rolling  stock.     The  Broadway  line  in  New  York  probably 
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Sttpage  3x9.       affords  the  best  example  of  numerous  cars  (40  to  60  per  hour),  in 
proportion  to  the  length  of  line. 


Horsing  of  cars. 


Conditions  of  good 
management. 
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See  page  yax. 
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6.  The  Hauling  of  the  cars  either  by  Horses  or  Mechanical  trcution, 
— Haulage  by  horses  finds  its  best  opportunity  where  there  is  a 
level  track,  moderate  traffic  and  where  cheap  forage  is  obtainable. 
Under  such  conditions,  and  where  a  ten-minute  service  is  sufficient,  it 
may  be  inexpedient  to  incur  the  capital  cost  for  mechanical  haulage 
which,  under  any  other  circumstances,  almost  always  presents  great 
advantages. 

Care  and  judgment  are  necessary  to  maintain  horses  in  a  state 
of  efficiency  and  to  obtain  from  them  the  maximum  of  service. 
Sufficient  and  suitable  food,  clean,  well-lighted  and  well-ventilated 
stables,  careful  shoeing,  'a  not  excessive  amount  of  work,  and 
regular  rests  are  the  necessary  conditions.  The  mileage  which 
the  horses  can  work  in  a  day  depends,  of  course,  on  the  weight  of 
the  cars  and  the  gradients.  In  London  a  two-horse  tram-car, 
carrying  44  passengers  and  running  70  miles  a  day,  usually 
requires  10  horses,  each  horse  when  thus  working  its  full  distance 
having  14  miles  of  work.  But  to  maintain  this  service  12  horses 
have  generally  to  be  provided  so  as  to  allow  for  occasional  rests,  and 
still  more  are  required  if  for  the  surmounting  of  hills  one  or  even 
two  additional  horses  are  required  occasionally  along  the  route. 
So  greatly  is  the  resistance  of  the  car  increased  over  that  presented 
on  a  level  that  even  the  addition  of  two  horses  may  not  neutralise 
the  effect,  and  if  the  hills  are  more  than  100  yards  long,  the  extra 
exertion  tells  severely  on  the  endurance  of  the  horses. 

Where  two-horse  cars  are  limited  to  30  inside  passengers,  and 
the  track  is  level,  the  horses  are  often  worked  16,  18  and  even  20 
miles  a  day.  The  London  General  Omnibus  Company,  by  careful 
selection  of  their  horses  and  careful  treatment,  raised  the  working 
life  of  the  animals  from  three  and  a  half  to  five  years.  In  the  working 
of  tram<ars  the  brakes  save  the  horses  from  the  severe  strains  in 
slopping  which  used  to  tell  so  severely  on  omnibus  horses  before 
efficient  brakes  were  introduced;  but  this  advantage  is  more  than 
outweighed  by  the  severer  strains  the  tram-horses  constantly  undergo 
in  starting  the  cars  ;  the  rails  affording  but  slight  assistance  in  over- 
coming the  inertia,  which  is  greater  for  the  loaded  tram-car,  because 
of  its  greater  weight,  than  for  the  omnibus. 

When  the  first  tramways  were  opened  in  London  in   1870,  the 
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Rate  per  car 
mile. 


Cost  of 
maintenance. 


cars  weighed  from  2  to  2. J  tons,  carried  40  and  46  passengers  (inside 

and  on  the  roof),  and  were  drawn  by  two  horses.     The  horses  were 

provided  by  the    General    Omnibus    Company  at  a  hire  rate   of    Co«t  of  horsing 

6|^.  per  car  mile,  this  including  all  charges  for  stabling,  harness, 

maintenance,  and  labour,  up  to  the  moment  of  attaching  the  horses 

to  the  car.      Later,  when  the  tramway  company  provided  their  own 

horses,  the  cost  was  brought  down  to  ^d,  per  mile,  but  while  this 

covered  all  current  charges,  including  a  depreciation  or  renewals  rate 

of  20  per  cent,  per  annum,  it  did  not  include  any  interest  on  the 

capital    expended    in  the    first    purchase  of  the  horses    and    the 

erection  of  stables. 

Each  horse  cost  iSj.  per  week,  of  which  ioj.  was  for  provender; 
4r.  2d,  for  wages  and  expenses  of  stable  and  granary ;  u.  for  shoeing 
and  repairs  to  harness  ;  and  3^.  for  depreciation  and  renewals.  Any 
statement  of  the  cost  of  horsing  per  car  mile  is,  however,  incomplete 
unless  the  gradients,  the  weight  of  the  car,  and  the  number  of 
passengers  be  also  stated.  The  rate  then  fluctuates  with  the  current 
price  of  provender.  To  allow  of  comparison  with  other  systems  of 
haulage,  it  is  necessary  to  reckon  the  cost  per  passenger  mile. 

In  many  countries  mules  are  used  in  preference  to  horses,  and  a 
considerable  number  of  Spanish  and  American  mules  were  at  one 
time  imported  into  Great  Britain.  Later,  mustangs  (a  special  breed 
of  small  horse)  have  been  imported  from  America  and  have  been 
found  serviceable. 

The  rapid  increase  in  the  number  and  extent  of  tramways  since 
their  first  introduction,  the  difficulties  presented  by  steep  gradients, 
the  slow  speed  and  the  large  proportion  which  the  cost  of  horsing 
bears  to  the  total  working  expenses,  soon  led  to  the  use  of  Steam- 
engines  and  other  mechanical  means,  and  it  may  be  said  that  up  to 
the  year  1895  none  of  them  were  entirely  satisfactory.  Up  to  the 
year  1897  almost  all  the  tramways  in  London,  Glasgow,  Manchester, 
and  Liverpool  were  worked  by  horses. 

Steam  locomotives,  or  their  counterpart  the  self-contained  steam 
passenger  cars,  find  their  best  opportunity  on  town  tramways  having 
a  large  proportion  of  their  length  in  suburt)an  or  open  country 
districts,  where  the  other  and  ordinary  traffic  of  the  streets  is  very 
small.  As  compared  with  horses,  or  any  form  of  electric  traction, 
these  locomotives  work  cheaply  and  effectively.  But  they  are  objec- 
tionable in  crowded  cities.  The  nuisance  of  smoke  and  steam, 
which  cannot  be  entirely  hidden,  and  the  frightening  of  horses,  are 
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drawbacks  which  have  been  exaggerated,  but  they  cany  weight  in 
any  comparison. 
Steam  cmrs.  The  principal  differences  in  the  various  steam-engines  which  have 

been  tried  on  tramways,  consist  in  the  modes  of  separating  the  engine 
from  the  passengers.  In  some  cases  the  engine  is  on  the  car,  shut 
off  from  the  passengers  by  a  partition ;  but  in  regard  to  the  objections 
sometimes  raised  against  this  close  contiguity,  it  is  probable  that 
passengers  would  by  use  become  as  indifferent  as  in  the  almost 
similar  circumstances  on  a  steam-boat.  Although  smoke  is  prevented, 
an  awning  is  necessary  to  protect  passengers  riding  on  the  roof  from 
the  fumes  from  the  chimney.  In  other  cases  a  separate  or  locomo- 
Locomotives.      tive  car,  boxed  in  to  hide  any  appearance  of  machinery  or  steam,  is 

used  for  hauling  the  passenger-car ;  the  capacity  for  hauling  a  second 
or  trailing  car  being  common  to  both  kinds  of  steam-car,  according  to 
their  power  and  adhesion,  and  the  gradients.  Each  presents  some 
advantages.  The  combined  car  occupies  less  room  in  the  street,  and 
the  weight  of  the  passengers  is  effective  in  giving  adhesion  to  the 
engine  wheels  for  overcoming  gradients  ;  in  the  detached  locomotive 
the  engine  and  boiler  are  more  effectually  separated  from  the  pas- 
sengers, and  can  be  immediately  detached  for  repairs.  Smoke  is 
avoided  by  the  use  of  coke  or  other  suitable  fuel,  and  in  order  to 
avoid  noise  the  exhaust  steam,  instead  of  being  discharged  directly 
into  the  air,  as  from  a  railway  locomotive,  passes  through  a  coil  of 
pipes  so  laid  in  an  open  tray  on  the  roof,  and  exposed  to  the  air, 
as  to  serve  as  a  surface  condenser.  There  is  no  cooling  water,  no 
vacuum  is  formed,  and  the  slight  back  pressure  due  to  the  impeded 
exhaust  is  disregarded. 
Steam  haulage  on         In  England  Steam  tramways  have  been  worked  by  the  separate 

English  lines.       ,  ^  _  ^.       •      ,  r^        i  ▼        , 

locomotive  car,  for  example  at  Birmingham,  Stockton,  I^eeds, 
Huddersfield,  and  Bradford  (where  some  of  the  passenger  cars  are 
heavy  and  two-storied),  and  on  some  of  the  suburban  lines  of  London. 
Combined  steam  cars  have  been  adopted  in  Berlin,  Brussels,  Stock- 
holm, Moscow,  and  other  important  cities.  The  separated  locomo- 
tives hitherto  tried,  boxed  in  to  resemble  small  cars,  weigh  from  4  to 
8  tons,  and  cost  from  £s^o  to  ;£^900.  On  some  of  the  Birmingham 
tramways  the  steam  locomotives  weighed  13  tons,  for  they  were 
specially  weighted  to  obtain  the  necessary  adhesion  for  overcpming 
Cost  ofjiteam      Steep  gradients.     The  self-contained  steam  passenger  cars,  for  40  to 

60  passengers,  weigh  from  6  to   10  tons,  and  cost  from  ;£^8oo  to 

;;^I200. 


88. 


cars. 


Part  !,]•  .  Town  Tramways.  315 

The  capital  outlay  for  horses  and  that  for  steam-cars  does  not  steam  and  horaea 

.  compared. 

differ  very  much,  the  advantage  which  the  use  of  steam  allows  bemg 
in  speed  and  in  the  cost  of  working  and  maintenance ;  for  though  the 
cost  per  car  mile  is  generally  more  with  steam  than  with  horse  traction, 
tjie  steam-car  carries  more  passengers.  A  decision  in  any  particular 
case  depends  very  much  on  local  circumstances  ;  for  instance,  where 
horses  or  mules  are  plentiful,  and  coal  dear  (which  conditions  are 
found,  for  example,  in  some  South  American  towns),  it  would  seldom 
be  expedient  to  bring  steam-cars  and  drivers  from  a  distance,  espe-  Long  diatance 
cially  if  the  gradients  be  easy.  The  longest  tramway  in  the  world  is 
that  starting  from  Buenos  Aires  and  extending  240  miles.  The  cars 
are  drawn  by  horses,  arid  the  journey  occupies  2^  days.  As  in  horse- 
cars  the  strains  in  stopping  and  starting  are  the  severest  for  the  horses, 
so  in  steam-cars  the  fuel  expended  in  each  stoppage  bears  a  large 
proportion  (estimated  by  some  engineers  as  equal  to  that  for  half  a 
mile  of  haulage)  to  the  total  consumed.  For  this  reason,  and  also  to 
allow  of  safe  crossing  places  for  foot  passengers,  the  plan  of  stopping 
only  at  appointed  places  is  sometimes  adopted. 

Among  the  substitutes  for  steam-cars,  but  still  included  in  the 
category  of  those  having  self-contained  power,  are  the  cars  which 
derive  their  force  from  Gas  or  Oil,  as  well  as  those  carrying  Electric  Oaa  and  oil  fuel, 
storage  batteries,  or  a  reservoir  of  Compressed  air. 

Gas  has  been  successfully  used  for  self-contained  motor  cars,  as,  oaa  motora. 
for  example,  in  Germany  at  Dessau  and  Dresden,  and  in  England  at 
St.  Ann's,  Blackpool.  The  gas  is  taken  at  a  normal  pressure  from 
the  town  mains,  and  compressed  at  the  terminal  station  to  about 
120  lbs.  per  inch,  and  then  delivered  by  an  ordinary  flexible  tube 
to  small  cylindrical  reservoirs  hung  under  the  car.  Reckoning  the 
consumption  in  the  uncompressed  gas,  from  30  to  50  ft.  are  con- 
sumed per  car  mile  according  to  load  and  gradients,  this  quantity 
including  what  is  necessary  for  the  compressing  engine  at  the 
station.  A  journey  of  7  miles  can  be  made  without  recharging.  A 
two-cylinder  engine  of  the  Otto  type  is  employed  on  each  car,  and 
this  with  all  its  gear  is  compactly  arranged  below  the  car.  A  certain  Seepag^txa, 
quantity  of  water  is  carried,  which  circulates  through  the  water 
jacket  of  the  cylinders  and  through  cooling  pipes  on  the  roof.  As 
a  gas-engine  cannot  be  started  quickly,  the  motor  is  kept  con- 
stantly running  while  the  car  is  in  service,  and  the  stopping  and 
starting  of  the  car  are  effected  by  friction  couplings  connecting  the 
motor   engine  to  the   car   wheels.     The  car  complete  costs  about 
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;;^6oo,  but  if  made  powerful  enough  for  hauling  a  trailing  car,  the  cost 
is  about  £,100, 

Where  gas  is  not  obtainable,  Oil  vaporised  can  be  used  as  gas, 
but  there  is  the  same  need  as  with  gas  for  cooling  water,  and  the 
additional  inconvenience  of  unpleasant  odours  not  easily  overcome. 
The  oil  occupies  less  storage  space  than  the  compressed  gas. 

Compressed  Air  has  been  used  for  tram-cars,  as,  for  instance,  in 
Paris,  and  where  the  compression  machinery  is  already  provided  for 
other  purposes,  or  where  mains  from  such  compressors  are  accessible 
along  the  route  so  as  to  allow  frequent  charging  of  the  reservoirs  on 
the  car,  the  system  is  feasible.  Analogous  examples  are  found  in 
mines,  where  compressed  air  primarily  provided  for  rock  drills,  is 
used  also  for  locomotives  or  for  pumping  in  the  underground  galleries, 
as  well  as  for  ventilation.  Where,  however,  other  systems  of  power 
transmission  are  available,  it  is  seldom  that  compressed  air  compares 
favourably  with  them  either  in  regard  to  convenience  or  economy. 

Electric  accumulators  or  storage  batteries  carried  on  the  car  can, 
by  means  of  a  dynamo  motor  such  as  is  used  on  the  car  of  an  over- 
head trolly  or  conduit  tramway,  give  out  force  along  the  route 
sufficient  for  haulage  on  a  level  track,  but  it  is  practically  impossible 
to  haul  heavy  cars  up  steep  gradients  or  to  haul  a  second  or  trailer 
car.  Storage  batteries  have  been  much  improved  since  1890,  and  a  set 
of  such  accumulators  can  be  constructed  with  a  weight  equivalent  to 
about  100  lbs.  per  horse-power  hour.  It  may  be  assumed  that  for 
a  five  hours'  storage  the  accumulators  will  weigh  about  as  much  as 
the  persons  carried,  and  the  car  as  much  as  the  two  put  together.  As 
an  example,  if  50  persons  weigh  6000  lbs.,  the  storage  batteries  would 
weigh  also  6000  lbs.,  and  the  empty  car  with  its  motor  12,000  lbs. 

The  use  of  electric  storage  batteries  has  not  proved  economical, 
and  should  only  be  adopted  where  other  methods  are  more  than 
usually  difficult.  Although  they  allow  of  concentrated  force,  so  that 
for  instance  a  set  of  batteries  capable  of  giving  out  an  average  of 
8  horse-power  for  a  specified  time  may  be  made  to  give  out  20  horse- 
power for  a  momentary  effort  in  starting  a  car  on  an  incline,  such 
concentration,  if  often  applied,  tends  to  more  rapid  deterioration 
than  where  the  force  abstracted  is  uniform.  The  jolting  of  the  car 
and  the  frequent  changing  of  the  batteries  have  also  an  injurious  effect. 
From  both  these  causes  the  batteries  do  not  last  so  long  as  those 
remaining  in  one  place,  and  giving  out  when  in  operation  a  constant 
force  as  for  electric  lighting.      Storage  batteries  weigh  from  100  lbs.  to 
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130  lbs.  per  horse-power  hour;  the  current  for  recharging  would 
cost  about  4^/.  if  a  small  electric  installation  were  provided  for  the 
purpose,  but  2d.  if  the  current  of  an  electric  lighting  plant  be  utilised 
in  the  daytime. 

Leaving  now  the  systems  of  mechanical  haulage  where  the  force 
is  carried  with  or  on  the  car,  those  in  which  power  generated  by 
a  fixed  engine  at  a  central  station  may  be  considered. 

An  endless,  constantly-running  rope  or  Cable  driven  by  a  station- 
ary engine,  and  to  which  the  cars  can  be  connected  at  will,  does  not 
impose  so  heavy  a  load  upon  the  rails  as  do  locomotive  cars  which 
contain  motors  or  machinery,  and  which  depend  for  their  tractive 
force  on  the  bite  or  adhesion  of  the  driving  wheels.  The  permanent- 
way  may  therefore  be  made  lighter,  and  there  is  less  abrasion  on 
the  rails.  The  cable  system  was  first  introduced  in  San  Francisco 
to  overcome  gradients  too  steep  for  horses,  and  the  convenience  it 
afforded  for  utilising  the  power  of  a  fixed  engine  led  to  its  adoption  in 
cities,  even  where  the  gradients  did  not  prohibit  other  kinds  of  traction. 

The  cable  finds  its  best  application  where  there  is  a  busy  traffic 
requiring  a  frequent  service  of  cars,  where  the  curves  are  few  and  of 
easy  radius,  and  the  system  compares  favourably  with  others  where 
there  are  numerous  or  steep  gradients.  The  endless  rope  is  an  old 
method  of  hauling  carriages  on  a  rail  track,  and  was  in  use  before  the 
introduction  of  railway  locomotives.  The  running  rope  was  especially 
employed  for  hauling  carriages  up  inclines  both  above  and  below 
ground,  and  it  is  still  a  convenient  and  much-used  method  of  haulage 
in  mines.  In  London  during  the  years  1840-48,  the  passenger  car- 
riages on  the  Blackwall  railway  (an  almost  level  track),  6  miles 
long,  were  drawn  by  an  endless  hempen  rope  to  which  the  cars 
were  connected  by  a  grip  under  the  control  of  the  car  conductor 
or  driver.  There  is  the  obvious  advantage  that  an  endless  rope 
provides  for  vehicles  in  both  directions,  and  on  gradients,  however 
steep,  not  only  allows  the  same  speed  as  on  a  level,  but  utilises  the 
gravity  force  of  the  descending  cars  to  balance  the  weight  of  those 
ascending.  These  conditions  are,  as  an  extreme  example,  in  operation 
on  mountain  railways  and  for  surmounting,  by  inclines  as  steep  as  45°, 
the  slopes  from  a  sea  or  river  level  to  the  tableland  above. 

On  a  modern  cable  tramway  an  endless  wire  rope,  worked  by  a 
stationary  steam-engine  or  water-engine  at  the  terminus  or  some 
convenient  place  along  the  route,  runs  at  from  6  to  12  miles  per 
hour  in  a  trough,  made  wholly  or  in  part  of  iron,  just  below  the  centre 
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of  the  track.      The  lower  speed   is  that  permissible  and  usual  in 

Rates  of  speed,    crowded  Streets,  and  the  higher  speed  in  suburban  districts.      The 

trough  is  entirely  closed  at  the  top,  except  that  in  the  covering  plate 
there  is  a  groove  or  slot  f-inch  wide,  through  which  a  bar  or  finger, 
armed  at  the  end  with  a  knuckle  joint  or  grip,  projecting  downwards 

g^^Eg^g   from  the  car,  grasps  the  rope,  the  grip  being  relaxed  when   it   is 
t^  desired  to  stop  the  car.    The  car  obviously  cannot  move  quicker  than 

89"  the  rope  unless  the  driver,  when  on  a  down  gradient,  releases  the  grip 

and  runs  at  a  high  speed  by  gravity  force,  a  method  which,  though 
under  control  of  the  brakes,  is  forbidden  not  only  because  of  the 
possible  danger,  but  because  the  weight  of  the  descending  car  is  then 
not  utilised  to  aid  the  ascending  cars.  The  driver  can,  however, 
by  slightly  slackening  the  grip  as  occasion  arises,  let  the  rope  slip 
past,  and  so  reduce  the  speed  of  the  car  below  that  of  the  rope. 
This  control  is,  however,  too  damaging  to  the  rope  to  be  used  where 
it  can  be  avoided,  and  it  is  better  to  divide  the  route  into  two  or 
more  sections,  and  to  have  separate  cables  with  appropriate  speeds 

Amount  of  force  for  each.     On  a  straight  road  from  40  lbs.  to  50  lbs.  of  tractive 
requ  re  .        force  are  required  per  ton  of  cable  without  any  cars  attached,  but  the 
resistance  rapidly  increases  for  each  curve  on  the  road,  the  addi- 
tional friction  and  the  risk  of  damage  to  the  rope  becoming  greater 
as  the  radius  of  the  curves  is  reduced. 

The  cable  system  is  the  most  expensive  to  construct,  and  has 
suffered  in  repute,  not  only  for  this  reason,  but  also  by  the  incon- 
venient failures  and  accidents  of  the  earlier  installations.  The  capital 
cost  is  great,  owing  mainly  to  laying  the  trough  or  conduit  and 
machinery  below  ground.  The  conduit  in  the  centre  of  the  track  had 
to  be  24  in.  deep  and  18  in.  wide,  and  the  excavation  still  larger,  to 
allow  of  the  trough  being  fixed.  Breakage  of  the  cable,  and  the 
consequent  stoppage  of  all  the  cars,  was  in  the  earlier  tramways  a 

Inconveniences,  frequent  cause  of  inconvenience,  and  it  arose  largely  from  excessive 

hardness  of  the  rope,  and  from  its  disruption  by  passing  round  curves 
of  small  radius  and  badly  arranged  pulleys.  The  rumbling  noise  of 
the  constantly  running  rope,  though  it  is  imperceptible  amidst  the 
street  traflfic,  becomes  more  audible  during  the  evening  hours,  and 
has  sometimes  been  deemed  a  nuisance  during  the  hours  before 
midnight  by  those  living  on  the  line  of  route.  The  occasional 
fractures  of  the  rope,  and  the  noise,  were  not  deemed  vital  objections 
to  what  was,  in  other  respects,  a  great  convenience.  It  was  the  high 
capital  cost,  the  excavations  below  the  road  and  surface,  and  the 
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limit  of  speed,  which  were  the  main  reasons  that  induced  a  change, 
when  the  overhead  electric  trolly  system  became  available  in  the 
United  States.  In  short,  the  cheap  and  speedy  construction  and  the 
desire  for  quick  transit  were  the  reasons,  and  when  the  trolly  system 
was  introduced  it  superseded  many  of  the  cable  roads  in  the  United 
States.  The  capital  outlay  for  some  of  the  latter  had  been  as  high  as 
^60,000  per  mile  of  double  track,  where  electric  trolly  roads  have 
since  been  made  for  ^20,000.  Subsequently,  however,  the  draw- 
backs and  dangers  of  electric  tramways  also  became  evident,  and 
as  the  details  of  the  cable  equipment  were,  under  the  stimulus  of 
competition,  much  improved  and  cheapened,  it  again  took  a  place 
as  one  to  be  considered,  and,  under  certain  circumstances,  preferred 
to  all  others,  at  any  rate  till  the  available  systems  of  electric  haulage 
become  much  improved. 

Steel  wire  rope  is  now  made  of  various  kinds  according  to  its 
purp)ose,  and  that  with  a  hempen  core  which  has  proved  flexible 
enough  to  pass  round  pulleys  and  drums  of  small  diameter  as  in 
cranes  and  other  hoisting  machinery,  will  serve  also  for  cable  tram- 
ways without  the  great  risk  of  failure  that  attended  the  use  formerly 
of  hard  solid  ropes.  The  usual  diameter  for  tramway  haulage  is 
I J  in.  or  I J  in.,  weighing  12  lbs.  and  15  lbs.  per  fathom  respectively. 
In  the  case  of  a  tramway  3  miles  long,  the  rope,  if  ijr  in.  diameter, 
would  be  rather  more  than  6  miles  long  and  weigh  about  29  tons. 
In  the  favourable  case  of  a  straight  track  without  curves,  the  force 
necessary  to  move  the  rope  at  the  rate  of  10  miles  per  hour  should 
not  be  more  than  40  lbs.  per  ton,  or  11 60  lbs.  in  all,  equal  to  31 
horse-power.  Gradients  will  not  have  much  effect,  but  numerous  or 
sharp  curves  will  so  increase  the  resistance  that  in  some  lines,  un- 
fortunate in  these  respects,  as  much  as  200  lbs.  per  ton  is  required, 
equal  to  155  horse-power,  for  a  rope  of  the  above  length  and  weight. 
On  a  service  requiring  10  cars  per  hour,  and  assuming  that  for  each 
car  carrying  80  passengers  and  weighing  7  tons  a  haulage  force  of 
140  lbs.  be  required,  or  1400  lbs.  in  all  additional  to  the  rope 
haulage,  then  if  the  latter  be  taken  at  100  lbs.  per  ton  of  rope  it  will 
be  seen  that  more  than  half  of  the  total  force  is  employed  on  non- 
paying  work.  But  if  the  number  of  cars  be  increased  to  40  per 
hour,  as  on  the  Broadway  line  in  New  York,  then  the  proportion  of 
paying  work  would  be  two-thirds  of  the  whole.  Too  much  im- 
portance is  sometimes  attached  to  the  item  of  power,  which  does 
not   fonn  a  large  proportion  of  the   total   working  expenses.     In 
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Birmingham,  for  instance,  it  was  in  1898  only  one  halfpenny  per  car 
mile.  On  the  Brixton  line,  in  London,  there  is  a  one-minute  service, 
and  on  the  Edinburgh  line  a  3-minute  service ;  and  on  all  these  lines, 
as  well  as  at  Melbourne  and  Sydney,  there  is  a  remunerative  return 
on  the  capital  invested,  although  the  rates  of  fare  are  very  low. 
Improvements  in  Considerable  improvements  have  been  made  in  the  troughs  or  con- 
duits, and  much  narrower  and  shallower  excavations  have  to  be  made 
below  the  roadway.  The  more  flexible  ropes  and  the  better  designed 
pulleys  give  a  life  of  from  300  to  500  days  to  the  rope,  while  on  the 
earlier  American  lines  the  life  was  from  30  to  80  days.  The  cable 
system  is  most  remunerative  when  during  busy  traffic  one  or  even 
two  trailer  cars  with  one  attendant  each  are  added  to  one  grip  car, 
which  requires  two  men.  Such  trains  are  not  allowed  in  Broadway, 
New  York,  but  cable-car  trains  of  three  run  regularly  during  busy 
hours  in  Chicago.  Whatever  may  be  the  demerits  of  the  cable 
system,  the  working  expenses  have  proved  lower  per  car  mile  and 
passenger  mile  than  those  of  any  other  system  in  almost  all  cases 
where  the  service  of  cars  is  not  less  than  20  per  hour.  This  economy 
compensates  for  the  higher  capital  cost  of  the  cable  roads  as  com- 
pared with  that  of  other  systems. 
Electric  trolly  The  Overhead  trolly  System  of  Electric  traction  was  between  1890 

system.  ^^^  ^g^g  ^^^^  ^^  ^  longer  mileage  than  the  aggregate  of  all  other 

mechanical  systems.     In  this  regard  it  found  its  earliest  and  chief 

development  in  the  United  States,  where  12,000  miles  (reckoned  as 

single  track)  were  in  1895  working  out  of  a  total  tramway  mileage  of 

Cheap  and  quick,    about  14,500.     The  cheapness  in  first  cost,  the  increased  speed,  and 

the  ease  of  operating  in  cities  free  from  restrictive  safeguards  enforced 

in  Great  Britain,  were  among  the  circumstances  that  led  to  this  great 

development.    For  in  cities  badly  paved  and  without  the  numerous 

omnibuses  and  cabs  available  in  Europe,  the  need  for  cheap  quick 

transit  outweighed  the  inconveniences.     The  current  is  generated  at 

Trolly  system      a  central  station  to  a  pressure  of  from  2000  to  3000  volts,  and  is 

**'         taken  on  overhead  conductors  along  the  route.     At  intervals  of  from 

600  to  800  yards  the  current  is  transformed  down  to  500  volts,  and 

fed  into  the  smaller  conductor-wires  suspended  over  the  track,  and 

from  them  to  the  motors  under  the  cars  by  light   rods  projecting 

See/agtiZj.        from  the  roof,  which  holds  a  metallic  trolly  running  on  the  wire.     In 

some  cases  the  overhead  conductor  is  a  tube,  within  which  a  small 
bar  running  on  copper  balls  is  dragged  along  by  a  flexible  cord 
attached  to  the  car.     The  return  current  for  completing  the  circuit  is 
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taken  by  the  rails,  which  must  be  bonded  with  copper  {x  £)  to  ensure 
continuity.  It  is  difficult  to  maintain  contact  between  steel  and 
copper  owing  to  oxidation,  and  elaborate  means  are  taken  to  ensure 
it.  With  these  facilities,  a  force  of  25  or  even  50  horse-power  is 
obtainable  in  each  motor  car,  so  that  not  only  can  heavy  loads  be 
started  on  and  taken  up  steep  gradients,  but  a  trailer  car  can  be 
added  when  the  traffic  requires  it.  The  rule  which  generally  prevails 
in  mechanical  or  industrial  operations,  that  increased  demand  and 
increased  output  allow  greater  economy  of  working,  needs  qualifica- 
tion when  applied  to  electric  systems  of  haulage.  For  if  the  main 
conductors  be  not  constructed  from  the  beginning  for  the  maximum 
traffic,  any  increase  in  the  consumption  of  current  rapidly  increases 
resistance,  and  renders  the  cost  of  working  proportionately  higher 
than  before.  Moreover,  if  more  cars  are  run  simultaneously  upon 
any  one  section  of  the  line  than  the  trolly  wires  can  supply  at  normal 
pressure,  there  is  also  an  increased  resistance. 

The  trolly  system,  as  above  described,  and  as  worked  in  the 
United  States,  afforded  a  great  convenience,  not  only  in  large  cities, 
but  in  newly  settled  districts  where  the  tramways  preceded  and 
assisted  the  development  of  the  towns.  But  numerous  inconveniences 
also  arose.  The  network  of  overhead  conductors  not  only  disfigured 
the  streets,  but  became  a  positive  source  of  danger,  owing  to  inade- 
quate insulation  and  accidental  contact  with  telegraph  and  telephone 
wires.  Guard  wires  under  the  conductors  to  catch  them  if  they  broke 
proved  only  partially  effective,  as  they  often  completed  a  circuit  and 
themselves  transmitted  a  dangerous  current  to  passers-by,  or  were 
fused  and  fractured.  The  wires  also  formed  a  dangerous  impediment 
to  ladders  and  hose  pipes  in  cases  of  fire.  The  electrolytic  action  of 
the  return  current  on  gas  or  water  pipes  has  been  a  cause  of  incon- 
venience  and  damage. 

One  safeguard  adopted  to  minimise  these  evils  was  the  better 
insulation  of  the  main  conductors,  and  the  laying  them  in  conduits 
below  the  ground  at  the  side  of  the  streets,  and  from  these  mains 
feeding  the  overhead  suspended  wires  on  which  the  car  trollies 
worked.  The  losses  from  electrolytic  action  at  first  proved  incon- 
venient and  costly,  but  they  were  partially  overcome.  The  careful 
bonding  of  the  rails  and  safe  earth  connections  were  the  chief 
remedies.  In  European  cities,  when  the  advantages  of  the  trolly 
system  were  desired,  light  and  elegant  poles,  generally  composed 
of  steel  tub«s,  were  erected,  as  at  Milan,  Havre,  Bristol,  and  Leeds. 
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Objections  to  the  poles  and  overhead   wires  led,  however,  to 
various  substituted  methods  as  described  in  this  chapter ;  an^  where 
it  has  still  been  desired  to  utilise  electricity  as  a  means  of  transmitting 
the  power  of  a  fixed  motor  to  the  cars,  what  is  known  as  the  conduit 
system  has  been  adopted.     According  to  this,  not  only  are  the  main 
conductors  taken  underground  (which  is  also  possible  with  the  over- 
head trolly  system),  but  the  contact  conductors  are  laid  in  conduits 
below  the  centre  of  the  track,  contact  being  obtained  by  a  finger  or 
bar  projecting  downwards  from  the  car  through  a  slot  in  the  plate 
which  covers  the  conduit.      This   method  is  more  costly  than   the 
overhead  trolly  system,  partly  from  the  greater  interference  with  the 
road  surface,   in  which   respect  it  about  equals  the  endless  cable 
system,  and  imrtly  from  the  outlay  for  the  conduits  and  accessories. 
Although  there  are  no  insurmountable  mechanical  difficulties  in  this 
arrangement,  there  have  been  difficulties  in  regard  to  insulation  and 
induction   which   are  more  serious.      The  conductor  is  necessarily 
exposed  so   as  to   afford   a   continuous  contact  with  the  car,  and 
although  the  occasional  supports  on  which  it  rests  are  insulated,  the 
rain  and  mud  and  snow  which  may  enter  from  the  road  surface 
through  the  slot,  or  ice  which  may  form  on  the  conductor,  destroy 
or  diminish  the  insulation  and  cause  leakage  of  the  electric  current. 
The  risk  of  injurious  electrolytic  action  on  underground  pipes  and 
other  metallic  structures  proved  to  be  greater  than  with  the  overhead 
trolly  lines.    The  conduit  system  finds  its  best  application  where  there 
is  only  light  street  traffic,  and  where  the  streets  are  kept  clean.    Thus 
it  proved  feasible  in  the  suburbs  of  New  York,  though  not  in  the  centre 
of  the  city.     Since  1895  the  electrical  difficulties  have  been  so  far 
overcome  as  to  indicate  that  some  form  of  conduit  system  is  likely 
in  the  future  to  prove  the  most  convenient  system,  where  the  interfer- 
ence with  the  street  paving  and  the  higher  capital  cost  can  be  afforded. 
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In  Great  Britain  the  Board  of  Trade  in  1893-4  established  rules 
for  regulating  the  employment  of  insulated  returns  or  of  uninsulated 
metallic  returns  of  low  resistance  ;  for  preventing  fusion  or  injurious 
electrolytic  action  of  or  on  metallic  pipes,  structures,  or  substances  ; 
and  for  minimising,  as  far  as  is  reasonably  practicable,  injurious  interfer- 
ence with  the  electric  wires,  lines  and  apparatus  of  parties  other  than 
the  tramway  company,  and  the  currents  therein,  whether  such  lines  do 
or  do  not  use  the  earth  as  a  return.  One  of  the  most  stringent  of  the 
rules  in  restricting  the  free  action  of  the  tramway  company  is  that  which 


Part  I.] 


Town  Tramways. 


323 


prescribes  that  "  the  insulation  of  the  line  and  of  the  return  when 
insulated  and  of  all  feeders  and  other  conductors  shall  be  so  maintained 
that  the  leakage  current  shall  not  exceed  one-hundredth  of  an  ampere 
per  mile  of  tramway."  In  the  interests  of  the  owners  of  wires  which 
may  have  been  erected  or  laid  before  the  construction  of  the  tram- 
way and  in  the  same  direction,  special  precautions  are  prescribed  for 
preventing  disturbance  by  electric  induction.  Besides  the  general 
rules  above  referred  to,  special  regulations  are  included  in  the  Pro- 
visional Order  under  which  each  particular  tramway  is  authorised  in  Local  resuUtions. 
regard  to  the  working  of  the  line.  These  refer  to  brake  power,  to  See  aUo page  v^fi. 
the  speed  of  the  cars — ^generally  8  miles  per  hour  as  a  maximum  and 
4  miles  in  busy  streets  —  and  prescribe  electric  governors  which 
shall  automatically  cut  off  the  current  if  a  speed  of  10  miles  per  hour 
be  exceeded.  Only  one  trailer  car  is  permitted.  The  suspended 
conductor  must  not  be  at  a  less  height  above  the  street  than  17  ft., 
and  shall  be  securely  attached  to  supports  at  intervals  not  exceeding 
120  ft.  The  electric  current  through  it  must  in  no  case  exceed  500 
volts  continuous  pressure.  No  part  of  any  electric  line  shall  be  used 
for  the  transmission  of  more  than  300,000  watts,  except  with  the  special 
consent  of  the  Board  of  Trade  for  satisfactory  reasons.  Efficient  Bye-Uw«. 
guard  wires  must  be  provided  to  prevent  contact  of  the  electric  con- 
ductors with  telegraph  or  telephone  wires.  There  are  also  bye-laws 
which  apply  to  all  kinds  of  tramways. 


7.  Tfu  Cost  of  Constructio7i  has  been  omitted  from  the  preceding 
description  of  the  various  kinds  of  tramways  because,  whatever 
may  be  the  method  adopted,  a  considerable  proportion  of  the  total 
cost  depends  on  local  circumstances,  or  on  those  common  to  all 
tramways.  It  may  be  convenient,  therefore,  to  deal  with  these  points 
separately.  The  inception  of  a  tramway  undertaking,  the  obtaining 
of  a  concession  or  of  other  authority,  the  formation  of  a  company 
and  raising  capital,  are  all  matters  involving  outlay  of  money  quite 
beyond  and  outside  the  actual  cost  of  construction.  From  ^^200 
to  ;£'2ooo  are  limits  not  too  wide  to  include  the  actual  outlay  for 
these  purposes  in  the  majority  of  cases  in  Great  Britain,  but  the 
larger  sum  has  been  occasionally  exceeded,  especially  when  great 
opposition  has  been  encountered. 

The  necessity  for  the  purchasing  of  land  and  its  cost  if  purchased  are 
locAl  incidents  not  depending  on  the  kind  of  tramway.  Stables  for 
horses,  covered  sheds  for  cars,  power-houses  or  other  buildings  may 
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sometimes  be  erected  on  land  held  on  rent,  the  payment  of  which 
may  be  set  against  the  saving  in  capital.  The  conditions  imposed 
by  the  street  authorities-  in  regard  to  paving  differ  widely,  as  they 
depend  mainly  on  the  standard  already  established  or^on  the  exi- 
gencies of  the  ordinary  street  traffic.  Leaving  out  the  preliminary 
expenses  above  referred  to,  and  excluding  any  purchase  of  land,  the 
following  are  approximately  the  cost  of  different  systems.  T'he  rates 
given  are  per  mile  of  single  line,  so  that  an  addition  would  have  to  be 
made  wherever  a  side  track  is  required  as  a  passing  place.  About 
80  per  cent,  would  have  to  be  added  to  arrive  at  the  cost  of  a  double 
track.  The  exact  cost  in  each  case  within  the  wide  limits  given,  while 
depending  primarily  on  the  exigencies  of  paving  and  interference  with 
the  road,  also  de()ends  on  the  strength  and  quality  of  the  line. 

A  tramway  for  horse-cars  with  rails  60  lbs.  per  yard,  including 
all  equipment  except  cars  and  horses,  would  cost  from  ^6000  to 
;£'io,ooo  per  mile  of  single  track,  the  exact  price  within  these  limits 
depending  mainly  on  paving.  With  girder  rails  of  100  lbs.  per  yard 
and  a  strong  road  bed,  the  cost  might  rapidly  increase  to  ^i  2,000 
per  mile.  Including  the  outlay  for  cars  and  horses,  and  all  prelimi- 
nary expenses,  the  capital  expended  on  the  horse  tramways  in  London 
has  averaged  ;^3o,ooo  per  mile  of  double  track,  some  lines  having 
cost  as  little  as  ;^3  2,000  and  some  as  much  as  ^40,000. 

If  suitable  for  steam  locomotives  or  for  any  kind  of  self-contained 
motor  car,  the  cost  of  the  tramway  would  exceed  that  of  the  horse 
line  by  about  ^£'2000  per  mile  of  single  track. 

An  overhead  electric  trolly  line  complete,  with  power-house  and 
all  except  cars,  would  cost  ;^8ooo  to  ;;^  12,000  per  mile  of  single  line, 
while  a  tramway  on  the  conduit  system  would  cost  from  ;£"!  5,000  to 
^20,000  per  mile. 

A  cable  tramway  (double  line),  including  all  equipment  except 
cars,  would  cost  from  ;^35,ooo  to  ;^5 0,000  per  mile.  Some  cable 
tramways  have  exceeded  this  estimate,  and,  owing  to  the  great  ex- 
penses connected  with  the  underground  construction,  have  cost  as 
much  as  ;;^6o,ooo  j^er  mile  of  double  track,  exclusive  of  cars.  But 
in  comparing  costs  it  must  be  remembered  that  while  the  cars  for  the 
electric  line  cost,  with  their  motors,  from  ;£^6oo  to  ^800  each,  those 
for  the  cable  line  cost  less  than  ^£200. 
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8.  The  Revenue. — In  estimating  the  earning  power  of  any  pro- 
jected tramway,  the  rules  and  conditions  under  which  it  is  to  be 
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worked  have  to  be  taken  into  account.     In  Great  Britain  and  in 
most  Continental  cities  there  are  stringent  statutory  and  municipal 
regulations  as  to  the  speed  and  the  number  of  passengers  per  car,  and 
also  as  to  the  rates  of  fare.     In  most  American  cities  crowding  is  Crowding  of  cars. 
allowed  within  wide  limits  during  the  busiest  times  of  the  day,  and 
cars  which  are  arranged  for  30  passengers  will  carry  60  persons ;  and 
the  fare  for  any  distance  is,  with  very  few  exceptions,  five  cents 
(2^^.).     In  Glasgow  and  Edinburgh  the  tramway  routes  are  divided 
into  sections,  for  each  of  which  a  fare  of  only  one  halfpenny  is 
charged.      In  London  and  other  large  cities  the  fares  are  about  \d, 
for  stages  of  one  mile ;  but  where,  as  in  London,  the  tramways  have 
to  stop  at  the  "  city  "  boundaries  and  at  the  Thames  bridges,  omni- 
buses, generally  with  one  horse,  convey  passengers  at  a  halfpenny 
fare  from  the  tramway  terminus  for  about  half  a  mile  onwards.     The 
experience  gained  in  the  working  of  tramways  in  different  countries 
shows  that  a  remunerative  return  for  the  capital  outlay  has  generally 
been  obtained  when  not  more  than  80  per  cent  of  the  gross  earnings 
is  consumed    in  working,   administration,   and   maintenance.      On 
English  railways  it  has  been  found  that  some  percentage  between 
50  and  55  is  generally  the  highest  which  will  allow  a  surplus  sufficient 
for  a  fair  dividend ;  but  the  cost  of  land  and  works  is  generally  much 
greater  than  on  a  tramway,  and  the  earnings  per  car  per  mile  very 
much  less ;  so  that  a  larger  portion  of  the  receipts  on  a  railway  must 
be  applied  to  meet  the  interest  on  the  fixed  capital.     The  actual 
working  expenses  of  tramways,  including  maintenance  and  deprecia- 
tion of  plant,  range  from  60  to  90  per  cent,  of  the  gross  income, 
and  a  large   revenue  may  justify  a  high  capital  cost.     If  current 
repairs  be  done  effectually  out  of  revenue,  a  depreciation  rate  of 
about  3  per  cent,  generally  covers  the  reduction  in  value.     At  the  end 
of  1896  there  were,  in  the  United  Kingdom,  1469  miles  (reckoned 
as  single  lines)  in  operation,  and  the  actual  capital  outlay  had  averaged 
^To,347  per  mile.     The  gross  receipts  per  mile  for  the  year  1896 
averaged  ^2827  per  mile,  and  the  working  expenses,  ranging  from 
9^.  to  \2d,  per  car  mile,  ;^2ii4.     The  apparent  net  revenue  of 
^^713  per  mile  was  not,  however,  necessarily  available  for  dividend, 
especially  where  the  expenditure    for  maintenance  did  not  wholly 
cover  depreciation  nor  provide  sinking  fund. 

In  the  large  cities  of  the  United  States  the  gross  receipts  and 
the  expenses  are  both  higher  than  in  Europe,  and  in  some  cases 
where  the  franchise  has  been  obtained   on   easy  terms,  where  the 
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obligations  for  road  paving  are  also  easy,  and  where  there  are  no 
restrictions  on  the  crowding  of  the  cars,  larger  profits  have  been  made 
than  are  possible  on  European  lines. 
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9.  Minor  Obligations^  Privileges^  and  Bye-laws. — Certain  obliga- 
tions are  imposed  on  the  proprietors  or  lessees  of  a  tramway  besides 
those  already  described.  Such  are  the  maintenance  of  a  regular  and 
sufficient  service ;  the  rates  of  speed ;  the  cleanliness  of  the  cars ; 
and  stipulations  as  to  the  temporary  stoppage  or  diversion  of  the 
track  to  allow  of  access  to  sewers  or  pipes.  Other  conditions  are 
sometimes  demanded  by  the  authorities,  such  as,  that  cars  shall  be 
run  at  early  hours  at  low  fares  for  workmen ;  that  firemen,  postmen, 
and  telegraph  messengers  shall,  when  on  duty,  be  carried  free ;  or 
that  the  free  use  of  the  line  shall  be  allowed  in  the  night  for  municipal 
cars  containing  road  materials,  sewage  matter,  or  refuse.  Demands  of 
this  kind  obviously  depend  on  the  local  circumstances  or  necessities 
of  each  case.  Thus,  for  instance,  in  Berlin  the  military  authorities 
have  stipulated  for  a  free  right  of  way  for  ambulance  tram-cars  over 
those  lines  which  connect  the  barracks  and  the  hospital. 

In  the  concessions  or  charters  which  authorise  the  establishment 
of  tramways,  certain  secondary  privileges  are  necessary  in  the  inte- 
rests of  the  proprietors,  besides  those  which  convey  the  monopoly  and 
right  of  way.  These  privileges  are  sometimes  specified  in  the  conces- 
sion or  enactment  by  which  the  tramway  is  authorised  ;  but  sometimes 
many  of  them  are  left  for  embodiment  in  bye-laws  drawn  up  and  pub- 
lished by  the  managers  of  the  tramway,  with  the  sanction  of  the  police 
or  municipal  authorities.  Such  regulations,  or  bye-laws,  define  the 
times  and  conditions  under  which  the  roadway  may  be  blocked  for 
repairs  to  the  tramway,  and  forbid  the  obstruction  by  ordinary  vehicles 
of  the  passage  of  the  cars.  In  some  countries,  as  in  Great  Britain, 
there  are  laws  which  apply  in  certain  matters  to  all  tramways,  and 
these  generally  are  for  the  safety  of  the  public.  Other  regulations, 
already  referred  to,  are  framed  for  the  comfort  of  the  passengers,  and 
refer  to  such  matters  as  overcrowding  on  the  cars  and  unnecessary 
halting.  Powers  are  generally  given  to  the  tramway  company  for  the 
recovery  of  penalties  for  infringement  of  the  bye-laws. 

As  conveyed  in  the  foregoing  pages,  the  Cost  of  a  tramway,  the 
choice  of  materials  and  equipment,  and  the  probabilities  of  Profit 
depend  entirely  on  the  local  circumstances  of  each  case ;  and  in  the 
following  summary  are  recapitulated   those  particulars  which  must 
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be  furnished  to  allow  of  the  proper  consideration  of  a  scheme  by 
engineers  and  capitalists. 

(i)  A  Map  of  the  city  or  town  and  its  suburbs,  showing  the  streets, 
railway  stations,  markets,  and  public  buildings,  the  routes  of  existing 
tram  or  omnibus  lines,  and  the  proposed  routes  for  the  new  tramways. 

(2)  The  Population  of  the  town  and  suburbs,  and  statistics  as  to 
the  growth  of  population. 

(3)  Plans  and  Sections  of  the  tramway  route,  showing  the  width  of 
the  road  and  foot-paths  at  all  points,  and  the  Gradients.  Over  bridges 
with  their  headway,  and  under  bridges  with  the  gradients  of  the 
approaches,  should  be  plainly  delineated.  A  description  of  the 
buildings  and  shops  along  the  whole  route  should  accompany  the 
plan. 

(4)  A  description  of  the  Streets  in  regard  to  the  kind  of  paving  and 
substratum,  the  method  of  draining,  and  the  order  in  which  the 
surface  is  kept,  together  with  the  method  adopted  for  cleansing  and 
mending  the  roads;  information  concerning  the  sewers  or  pipes 
below  the  roadway,  and  the  frequency  of  repairs,  so  far  as  these  may 
affect  the  tramway. 

(5)  The  number  and  kind  of  Omnibuses  and  cabs,  how  far  they  are 
sufficient  for  the  traffic,  the  privileges  or  obligations  under  which 
they  ply,  the  rates  of  fares,  the  number  of  passengers,  and,  as  far  as 
can  be  ascertained,  the  profits  earned. 

(6)  The  kind  of  Horses  or  mules  obtainable,  and  the  prices ;  the 
cost  of  provender,  and  the  current  prices  of  coal  or  oil  fuel. 

(7)  Information  as  to  the  Climate]  the  means,  habits,  and  occupa- 
tions of  the  inhabitants,  and  the  nature  of  the  traffic  between  the  city 
and  the  suburbs,  so  far  as  they  will  influence  the  business  on  the 
tramway,  or  by  which  the  kind  of  cars  may  be  determined. 

(8)  Information  as  to  Import  Duties^  cost  of  transport,  materials, 
and  labour,  so  far  as  they  may  are  likely  to  apply  to  tramways ;  and, 
specially,  particulars  concerning  the  kind  and  cost  of  timber  for 
sleepers,  and  of  materials  available  for  concrete  (shingle,  gravel,  sand, 
cement  and  lime),  and  for  paving  the  streets. 

(9)  The  Conditions  under  which  a  concession  has  been,  or  may  be, 
obtained,  the  restriction,  if  any,  in  regard  to  the  system  of  haulage, 
with  the  nature  of  any  other  privileges  and  obligations. 
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Tramways  in  Country  Districts  with  a  sparse  population,  and  those      Tramwajrs  in 
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for  carrying  goods,  have  to  be  regarded  quite  separately  from  town 
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tramways.  Where,  however,  the  suburbs  of  one  town  approach  very 
nearly  to  those  of  another,  or  where  a  town  is  situated  a  few  miles 
from  the  railway  station  that  serves  it,  a  tramway  may  generally  be 
constructed  with  advantage  to  join  these  points,  even  though  a 
portion  of  the  route  may  be  along  rural  roads  without  population. 
Tramways  for  the  conveyance  of  minerals  were  in  operation  long 
antecedent  to  railroads,  and  a  new  stimulus  has  been  given  to 
this  branch  of  enterprise  by  the  rapid  extension  of  town  lines  for 
passengers.  In  Sweden,  Denmark,  and  elsewhere  tramways  are 
continued  long  distances  into  country  districts,  and  in  Argentina  the 
tram  line,  with  cars  drawn  by  horses,  extends  for  240  miles  from 
the  city  of  Buenos  Aires.  This  subject  has  been  dealt  with  in 
Chapter  IV.  under  the  head  of  Light  Railways. 


\See  also  Concessions  :  Railways  :  Light  Railways  :   Electric 
Transmission  :  Railway  Equipment  and  Rolling  Stock.] 


CHAPTER    XIV. 

MARKET  BUILDINGS. 


The  demand  for  increas-     Neceuity  for 

market     accommo-        """     '*' 
dation    keeps   pace   with 
the    growth    of    modem 
cities.     By  concentration      Advanuna 
one    place,    or   under      by  markcta. 
one  roof,  the   commerce 
I  provisions,  as  well  as 
the  cost  of  transport  and 
distribution,    are     made 
ier  to   the   trader ;     a 
S  better,     and      generally 
cheaper,  selection  is  available  to  the  purchaser;  and  time  is  saved 
to  all.    To  the  municipal  authorities,  too,  a  market  offers  facilities 
for  the  sanitary  examination  of  food,  the  inspection  of  weights  and 
measures,  and — where  such  customs  prevail — the  collection  of  taxes.  shOctkoi.^h, 
The  new  market  benelits  the  town  by  attracting  the  inhabitants  of 
surrounding  districts ;   and  if  railways  be  established,  they  afford  the 
double  advantage  of  bringing  into  the  market  traders  with  produce  to 
sell  and  purchasers  with  money  to  buy. 

Since  1850  new  and  welt  arranged  covered  markets  have  been  M«iern  markcti 
erected  in  the  principal  English  towns,  and  in  many  of  the  chief 
cities  on  the  Continent.  The  large  markets  for  cattle,  meat  and 
poultry,  erected  by  the  Corporation  of  the  City  of  London ;  the 
market  halls  in  Manchester,  Sheffield,  Carlisle,  Leeds  and  Bradford ;  Eiampica. 
the  Halles  Centrales  in  Paris ;  the  markets  of  Bordeaux,  Brussels, 
Barcelona,  and  the  magnificent  markets  in  Madrid,  Santiago 
(Chili),  Buenos  Aires  and  the  City  of  Mexico — all  erected  within 
the  period  mentioned — may  be  cited  as  leading  examples  of  modern 
practice. 
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See  page  17. 


The  establishment  or  improvement  of  a  market  is  almost  always 
undertaken  by  the  municip)al  authorities,  and  is  second  only  in  im- 
portance to  sanitary  works.  Markets  should,  as  fit  projects  for 
official  management,  rank  with  such  works  as  water-supply,  and 
before  electric  lighting  or  tramways.  In  many  cases  new  markets  are 
erected  upon  town  lands — often  upon  the  site  of  an  old  market — and 
the  undertaking  is  free  from  the  burden  of  ground-rent.  Market 
tolls  frequently  form  the  oldest  and  most  important  source  of  muni- 
cipal revenue ;  and  if  money  has  to  be  borrowed  for  the  erection  of 
new  buildings,  the  tolls  or  rents  may  be  found  sufficient  to  pay  the 
interest.  But  in  some  cases  the  need  or  the  desire  for  improved 
accommodation  induces  the  municipal  authorities  to  expend  con- 
siderably more  than  the  existing  income  will  provide  for ;  and 
although  a  revenue  greater  than  in  the  past  may  be  expected  from 
the  improved  markets,  it  may  be  expedient  to  wait  for  a  gradual 
growth  of  income,  rather  than  to  impose  immediately  rates  or  tolls 
sufficient  to  defray  the  necessary  interest  on  the  outlay.  It  is  to  the 
advantage  of  the  community  that  a  market  shall  be  as  free  as  pos- 
sible, not  only  because  of  the  direct  benefit  obtained  in  the  cost  of 
commodities,  but  because  there  should  be  no  impediment  to  the 
market  becoming  a  centre  or  entrepot  for  a  widely  extended  trade. 
Railways  and  other  improved  means  of  communication  have  a 
double  effect,  for,  while  useful  to  persons  going  to  market,  they 
facilitate  also  the  sending  of  goods  directly  from  the  producer  or 
merchant  to  the  customer ;  the  results  of  which  are  evident  in  the 
gradual  decline  of  fairs  as  trade-centres.  Although  markets  will 
always  be  useful  for  local  transactions,  their  outside  trade  will 
dwindle  and  decay  if  burdened  with  charges  or  troublesome  re- 
straints. So  long  as  the  tolls  demanded  (considering,  of  course,  the 
conveniences  afforded)  do  not  exceed  what  a  free  competition  outside 
the  market  would  produce,  the  revenue  may  be  considered  only  as 
fair  rent ;  but  if  by  stringent  regulations  imposed  on  outside  traders, 
or  by  the  granting  of  monopolies  or  privileges  to  the  stall-holders 
inside  the  market,  free  competition  is  prevented,  the  higher  revenue 
so  obtained  becomes  in  effect  a  tax  on  commodities,  which  involves 
many  of  the  evil  effects  of  an  octroi  duty. 

The  want  of  markets  may  even  be  so  manifest,  and  the  anticipated 
revenue  so  considerable,  as  to  induce  capitalists  to  undertake  the 
construction  of  the  markets,  and  to  look  solely  to  the  revenue  as  a 
return.     A  concession  then  becomes  necessary,  and  the  municipality 
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will  have  to  grant  facilities,  immunities,  or  advantages,  to  induce 
capitalists  to  embark  in  such  an  enterprise. 

The  gift  of  a  free  Site  is  one  of  the  first  methods  by  which  aid  may 
be  afforded  to  the  concessionnaires,  and  the  next  is  the  granting  of  a 
Monopoly.  If  no  proper  market  buildings  have  as  yet  existed  in 
the  town,  or  if  the  new  structure  is  to  replace  the  only  existing 
market,  the  monopoly  may  be  absolute :  the  concessionnaires 
having  also  the  sole  right,  and  at  the  same  time  the  obligation,  of 
building  any  new  market  that  may  be  required ;  but  in  the  case  of  a 
large  city  with  existing  markets,  the  monopoly  may  be  granted  for  a 
certain  district  only.  In  the  interests  of  the  concessionnaires,  and 
to  make  the  monopoly  a  real  one,  it  should  be  stipulated  that  no 
stalls  in  the  streets,  hawking  or  public  trading  other  than  that  in  shops, 
should  be  permitted  in  the  prescribed  district ;  and  although  such  a 
course  may  involve  certain  disadvantages  to  the  town,  they  must  bfe 
considered  as  part  of  the  price  to  be  paid  for  what  on  the  whole 
affords  increased  accommodation  and  convenience.  In  some  cases 
the  sale  of  certain  articles  may  be  confined  entirely  to  the  market. 
Meat  is  sometimes  in  this  way  the  subject  of  a  monopoly,  no  butchers' 
shops  being  permitted  elsewhere  ;  and  such  a  restriction,  or  a  similar 
one  in  regard  to  fish,  may  be  justified  for  sanitary  reasons.  The 
sanitary  restrictions  are  often  directed — frequently  in  connection 
with  schemes  of  drainage — to  the  regulation  of  private  slaughter- 
houses ;  their  entire  abolition,  and  the  substitution  of  public  abat- 
toirs, being  sometimes  included  in  the  concession  for  a  new  market. 
The  construction  of  cold  chambers  in  abattoirs  facilitates  such  an 
arrangement,  as  meat  can  be  stored  during  the  hottest  weather,  and 
brought  into  the  town  as  wanted.  Where  water-works  or  public 
fountains  are  already  established,  concessionnaires  may  stipulate  for 
a  gratuitous  supply  of  water  to  the  market ;  or,  if  this  cannot  be 
granted,  for  a  certain  quantity  per  day  at  favourably  low  prices. 

In  many  towns  where  octroi  duties  are  levied,  bonded  warehouses 
may  with  advantage  be  constructed  in  or  near  the  market,  so  that 
provisions  or  goods  may  be  sold  from  sample,  and  the  dues  paid 
only  as  the  goods  are  removed.  By  some  such  means  the  delays 
and  inconveniences  which  always  attend  the  collection  of  an  octroi 
tax — and  which  are  often  unnecessarily  aggravated  by  the  examination 
at  the  barriers  or  gates  of  a  town — may  be  reduced  to  a  minimum. 
The  maximum  rents  or  tolls  which  the  proprietors  of  the  market  will 
be  permitted  to  charge  to  the  stall-holders  should  be  arranged  in 
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advance.  Such  rents  are  generally  calculated  according  to  the  size 
and  position  of  the  stall.  For  wholesale  traders,  inside  or  outside 
the  building,  the  dues  may  be  imposed  according  to  the  number, 
weight,  or  value  of  articles  sold  ;  and  the  accounts  which  are  necessary 
to  such  a  system  offer  a  convenient  statistical  record  of  the  commo- 
dities sold.  It  is,  however,  generally  found  better  to  arrange  a  tariff 
according  to  the  space  occupied ;  and  occasionally  the  two  plans  are 
combined,  so  as  to  obtain,  besides  rent,  a  payment  in  some  degree 
proportioned  to  the  business  transacted.  Thus,  in  the  London 
Meat  Market,  where  the  principal  trade  is  wholesale,  one  penny  per 
superficial  foot  of  space  per  week  is  charged  as  rent,  and,  in  addition, 
a  toll  is  levied  of  one  farthing  on  every  2 1  lbs.  of  goods.  As  the  total 
quantity  of  provisions  brought  into  the  market  approaches  200,000 
tons  per  annum,  the  revenue  from  this  source,  even  at  such  a  low  rate, 
is  considerable.  The  comer  stalls  of  a  market,  or  those  situated  in  a 
central  position,  are  generally  sought  after,  and  command  a  higher  rent 
than  other  stalls ;  but  prominence  of  position  is  of  less  importance 
to  the  trader  in  a  wholesale  market  than  in  a  retail  market,  where  a 
conspicuous  display  assists  in  attracting  chance  customers.  As  the 
worth  of  a  concession  will,  of  course,  depend  on  the  amount  of 
revenue  obtainable,  and  on  the  proportion  which  this  bears  to  the 
cost  of  the  market,  and  as  mere  p)ermission  to  charge  certain  rates 
will  be  unavailing  if  no  tenant  be  found  to  pay  them,  great  care  must 
be  taken,  by  inquiry  among  traders,  and  by  comparing  the  rent  of 

oVoutside  &opii!  existing  markets,  stalls,  or  shops,  to  ascertain  what  prices  traders  will 

be  able  and  willing  to  pay  for  accommodation  in  the  new  market. 
Where  the  population  is  a  growing  one,  an  increase  in  the  letting- 
value  of  the  stalls  in  a  well-placed  market  may  be  fairly  expected. 

Opposition  to  a  new  market  is  not  unfrequently  manifested  by 
traders  already  established  in  shops  or  in  an  existing  market,  who 
may  apprehend  loss  to  themselves  from  a  rival  undertaking ;  and 
opposition  of  this  sort  may  often  be  conciliated  or  neutralised  by 
giving  the  first  offer  of  stalls  in  the  new  market  to  such  established 
traders  ;  and  the  same  or  even  an  earlier  preference  may  be  granted 
to  street  sellers,  the  stoppage  of  whose  business  it  may  be  one  of 

Marketa  generally  the  objects  of  the  new  markets  to  attain.     The  right  to  establish 

markets  is,  when  retained  by  the  town  authorities,  considered 
permanent  as  well  as  exclusive ;  but  where  the  privilege  is  granted 

Length  of  lease  to  by  a  concession   to  others,  the   monopoly  should   be   for  a   term 

of  years,  40  to  80  years  being   usual   terms.     If  the   markets  are 
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to  become  the  property  of  the  municipality  without  payment  at 
the  end  of  the  term,  then  it  will  be  necessary  to  set  apart  from 
the  revenue  a  sinking  fund  for  paying  back  the  capital ;  but  the 
municipality,  instead  of  requiring  a  free  transfer  of  the  property,  in 
some  cases  only  reserve  to  themselves  the  right  of  purchasing  the 
markets  on  certain  conditions  defined  beforehand.  Investors,  as  a 
rule,  prefer  the  gradual  return  of  their  capital,  and,  if  a  sufficiently 
good  dividend  be  secured  to  them,  will  not  be  unwilling  to  give  up 
their  property  after  a  certain  fixed  period.  The  supposed  value  of 
the  privileges  granted  will  determine  what  period  will  be  remunerative 
to  the  concessionnaires. 

Although  there  are  various  considerations  of  locality  and  purpose 
which  differ  in  each  case,  there  are  certain  main  features  or  conditions 
which  are  common  to  markets  everywhere ;  and  one  of  the  first  and 
most  important  is  that  of  the  site,  for  if  this  be  badly  chosen  it  will, 
so  far  as  the  use  of  the  market  and  the  revenue  derived  from  it  are 
concerned,  neutralise  what  in  all  other  respects  may  be  complete. 
The  site  of  an  old  and  well-frequented  market  is  generally  b^st  for  a 
new  structure,  as  people  have  traditional  habits  in  such  matters,  and 
prefer  to  go  to  an  accustomed  place.  It  is  difficult  to  change  such 
habits ;  people  will  continue,  if  allowed,  to  prefer  old  places  even  if 
in  narrow  and  inconvenient  streets  ;  and,  unless  ensured  by  regulations 
which  can  be  enforced,  it  is  unsafe  to  assume  that  a  new  market  will 
be  frequented. 

A  central  situation,  where  many  streets  converge,  is  a  good  site  central  situation 
for  a  new  market,  and  in  such  cases  the  commerce  of  the  market 
may  even  be  promoted  by  making  the  main  avenues  useful  as 
public  thoroughfares  for  foot  passengers ;  or,  if  it  is  sought  to  build 
the  market  in  a  public  square  or  plaza,  for  vehicles  also.  This 
arrangement  obtains  in  the  London  Meat  Market  at  Smithfield, 
where  a  main  street  bisects  the  structure,  passing  through  it  under 
cover,  and  there  is  a  somewhat  similar  arrangement  also  at  Paris. 
If  so  central  a  position  cannot  be  obtained,  then  a  site  between 
two  important  streets  should  be  preferred,  or,  at  any  rate,  a  site 
where  one  or  more  entrances  to  the  market  may  open,  and  be 
conspicuous  from  a  much  frequented  thoroughfare.  As  it  is  an 
advantage  to  have  numerous  points  of  access  and  exit,  entrance  gates 
or  doors  should  be  freely  provided  on  all  sides  of  the  building.  Con- 
tiguity to  railway  stations,  to  an  important  bridge,  or  ford,  or  ferry,  is 
advantageous,  not  only  for  the  bringing  of  [)roduce  and  goods  to  the 
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market,  but  because  the  trade  of  a  market  is  much  increased  when 
it  is  thus  situated  in  the  stream  of  traffic. 
The  sice  of  The  size  of  a  market  in  proportion  to  the  population  depends 

greatly  on  whether  the  business  is  to  be  wholesale  or  retail,  for  in 
the  former  case,  where  traders  purchase  in  bulk  for  re-sale  in  the 
suburbs  (as  in  the  principal  London  Markets),  it  is  obvious  that 
a  much  less  space  will  be  needed  than  would  be  required  for  the 
Choice  of  design,  retail  disposal  of  an  equal  quantity  of  merchandise.     The  choice 

of  design  depends  principally  on  the  purpose  for  which  the  market 
is  required,  on    the  climate,  and    on  the  amount  of  .money  avail- 
able.    The  simplest  and  cheapest  kind  of  market  buildings  consists 
Sheds  or  arcades,  of  covered   sheds,   or   arcades,   open   at   the   sides,  erected   in  an 

open  space,  suitably  levelled,  paved,  drained  and  lighted.  Such 
structures  are  most  suitable  for  fruit,  vegetables,  and  flowers,  and 
may  be,  and  often  are,  used  as  general  markets  also  ;  but  the  extent 
to  which  such  an  arrangement  is  expedient  depends  mainly  on  the 
climate.  In  warm  or  dry  countries  it  may  be  sufficient  to  provide 
thus  a  shade  from  the  sun  ;  and  such  covered  sheds,  supplemented 
Awnings.  perhaps  by  awnings,  are  often  found  in  continental  and  eastern 
Enclosed  markeu.  countries.     In  cold  or  damp  climates,  enclosed  and  covered  markets 

are  desirable  ;  and  in  very  hot  countries,  walls  and  roofs  constructed 
so  as  to  exclude  the  heat  may  be  equally  necessary. 
Open  An  open  market-place  is  often  kept  clear  as  a  plaza  or  square ; 

mar  et-p  ace.     ^^^  ^^  other  than  market-day s  is  used  as  a  place  of  assembly,  or  as 

a  review  ground  for  troops.   Where  such  use  of  the  space  is  frequent. 

Booths.         portable   booths   of  wood  and  canvas  can  alone  be  allowed ;    but 

often  improvements  may  be  made  with   advantage  in  the  paving, 

draining  and  lighting.      If  an  unencumbered  space  is  wanted  only 

Removable       on  rare  occasions — annually,  for  instance — light  buildings  may  be 

"*"'        constructed  of  iron  and  wood  in  such  a  manner  that  they  can  be 

easily  taken  down  and  refixed. 

In  the  design  of  a  covered  market,  as  of  most  other  structures,  it 
Area  of  market,   is  economical  and  convenient  to  divide  the  area  to  be  covered  into 

how  divided. 

rectangular  or  other  regular  figures  of  similar  dimensions,  and  (if  the 
Buiidines  of  site  be  of  an  uneven  shape)  either  to  leave  irregular  corners  open 
or  to  fill  them  with  specially  designed  structures.  By  thus  having 
the  various  parts  of  simple  shape,  with  as  little  variety  as  possible, 
Stepagt  876.  and  interchangeable,  the  building  can  be  made  at  a  minimum  cost, 
and  will  best  allow  of  extension  afterwards.  Such  an  arrangement 
can  be  carried  out  in  various  ways  ;  if  the  area  be  large,  separate  but 


Part  I.] 


Market  Buildings. 


35 


similar  pavilions  may  be  placed  side  by  side,  or  grouped  round  a 
central  structure ;  the  spaces  between  the  pavilions  being  used  as 
either  covered  or  uncovered  avenues.  Architectural  effect  may  be 
given  by  making  the  central  structure  higher  than  the  pavilions,  and 
surmounting  it  with  a  dome  and  flag-staff.  Another  plan,  if  the  shape 
of  the  site  favour  it,  is  to  cover  the  area  with  a  series  of  parallel 
roofs,  as  is  done  sometimes  in  a  railway-station.  A  fountain  placed 
under  the  centre  of  a  dome,  or  where  avenues  converge,  will  enhance 
the  symmetry  of  the  design,  and  in  warm  climates  be  pleasant  and 
refreshing. 

There  is  no  necessity  for  roofs  of  large  span  (which  are  expensive) 
over  a  market  building,  for  as  a  market  is  properly  and  conveniently 
divided  into  avenues,  supporting  columns  can  be  placed  near  together, 
without  interfering  with  the  circulation  of  persons  or  with  the  busi- 
ness of  the  traders  ;  a  market,  in  this  respect,  differing  from  railway 
stations  and  other  buildings,  where  it  is  often  very  important 
that  no  columns  shall  obstruct  the  entire  width  of  the  enclosure. 
The  details  of  the  design  depend  also  to  some  extent  on  the  nature 
of  the  business  to  be  transacted ;  whether  wholesale  or  retail ; 
whether  for  corn,  meat,  fish,  or  vegetables  ;  or  whether  as  a  general 
market  for  all  kinds  of  provisions.  Frequently,  in  a  general 
market,  not  only  provisions  but — where  the  space  allows — all  kinds  of 
wares  for  domestic  use  are  sold ;  and  it  is  in  cases  of  the  latter  kind 
that  galleries  are  useful  and  profitable.  As  the  amount  of  rent  for 
stalls  is  measured  by  the  area,  and  as  galleries  in  a  building  already 
enclosed  need  not  cost  in  proportion  to  their  area  so  much  as  the 
original  building,  a  valuable  addition  to  the  revenue  may  by  their  use 
be  obtained.  The  expediency  of  having  galleries  must,  however, 
be  decided  according  to  the  nature  of  the  commodities,  the  ac- 
commodation already  provided,  and  other  circumstances  of  the 
case.  In  some  English  and  Continental  markets,  galleries  are  found 
extremely  useful,  and  well  frequented  for  such  wares  as  clothing, 
haberdashery,  seeds,  hardware,  confectionery,  toys,  and  birds. 
As  market  buildings  are  sometimes  rendered  available  for  public 
meetings  or  performances,  galleries,  useful  for  such  purposes,  afford 
a  remunerative  addition  to  the  revenue.  The  galleries  should  be  con- 
tinued on  all  sides  of  the  building,  or  staircases  provided  at  each 
end,  and  the  staircases  should  be  wide,  conspicuously  placed,  and 
easy  of  ascent. 

Where  land  is  valuable,  and  where,  therefore,  it  is  desirable  to 
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utilise  to  the  utmost  the  area  occupied,  cellars  may  be  provided 
underneath  the  market,  and  let  for  the  purpose  of  storage  to  the 
traders  who  occupy  stalls ;  or  they  may  be  used  as  a  wholesale 
market,  or  may  be  let  separately  to  wine  merchants,  potato  dealers, 
or  others.  If  cellars  are  constructed  below  the  market,  special 
arrangements  must  be  made  for  paving,  lighting,  draining,  and 
ventilating  them,  and  for  giving  access  to  them  from  the  market. 
Openings  from  the  outside  of  the  market  to  the  cellars  must  be 
provided  also ;  and  in  some  cases  it  is  found  desirable  to  have  ' 
sloping  roadways  by  which  carts  may  obtain  access,  or  even  lines  of 
railway  as  under  the  London  Meat  Market.  It  is  generally  desirable 
to  avoid  steps  at  the  entrance  to  a  market,  but  where  a  market  is 
built  on  sloping  ground,  the  entrances  may  be  arranged  on  one  side 
at  the  cellar  or  basement  level,  with  flights  of  steps  upwards  to  the 
market  floor ;  and  at  the  other  side  on  the  floor  level,  with  flights 
of  steps  down  to  the  cellars.  Although  cellars  will,  in  most  cases, 
prove  profitable,  there  may  be  cases — as  where  meat  and  vegetables 
are  brought  in  daily,  and  storage  room  has,  therefore,  little  value — 
in  which  the  construction  of  cellars  might  not  produce  revenue 
enough  to  defray  their  cost.  Some  of  the  cellar  space  may  be  utilised 
as  cold  chambers  for  the  storage  of  imported  frozen  meat,  or  in  warm 
climates  for  keeping  at  a  low  temperature  meat  killed  in  hot  weather. 
There  are  examples  of  both  these  methods  at  the  Smithfield  Meat 
Market,  the  Riverside  Fish  Market,  London,  and  at  the  Birmingham 
Fish  Market.  At  the  two  latter,  Artificial  Ice  is  made  at  a  cost  of 
about  1 5  J.  per  ton  by  the  same  apparatus  that  cools  the  air. 

All  the  avenues  of  the  market  should  be  wide,  and  although 
much  space,  valuable  for  stalls,  may  apparently  be  thus  occupied, 
the  free  circulation  in  the  wide  avenues  renders  them  really  remu- 
nerative. The  exact  dimensions  depend  somewhat  on  the  size  of 
the  market  and  the  nature  of  the  commerce ;  but  it  is  seldom  that 
any  passage  between  stalls  should  be  less  than  12  ft.  wide,  and  the 
main  avenues  should  be  from  18  ft.  to  25  ft.  wide,  and  even  wider 
if  used  as  thoroughfares  for  vehicles.  The  perambulation  of  possible 
purchasers  is  much  encouraged,  and  the  business  of  the  trader  in- 
creased, by  so  connecting  the  avenues  and  galleries  that  passengers 
are  not  obliged  to  retrace  their  steps,  but  may  pass  on  and  away 
as  they  please.  Stalls  situated  in  a  blind  alley  {cul-de-sac)  are  out  of 
the  stream  of  traffic,  and  lack  custom.  Where  tolls  are  collected,  it 
is  necessary  to  hold  command  of  the  gates  or  doors  by  which  goods 
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can  be  brought  in,  but,  subject  to  such  exigencies,  numerous  points 
of  entrance  and  exit  are  desirable. 

The  outside  frontages  of  a  market  may  be  utilised  if  necessary  by  Outside  fronuges. 
rows  of  stalls — connected  or  not  with  those  within — ^facing  outwards  ; 
the  stalls  projecting  under  pent  or  overhanging  roofs.     If  the  sur- 
rounding streets  are  valuable  as  business  sites,  the  outside  frontage 
of  the  market  may  be  utilised  for  shops  or  offices,  and  a  revenue   utilised  for  shops, 
obtained  higher  than  that  sacrificed  in  the   space  thus  abstracted 
from  within ;  but  such  a  plan  generally  involves  a  departure  from  the 
principle  of  a  public  market,  and  sometimes  obstructs  the  approaches. 
If  the  market  be  situated  in  the  centre  of  a  large  open  area  which 
affords,  outside  the  market,  more  space  than  is  necessary  for  traffic.  Open  area  outside 
the  available  area  may  be  paved  and  used  as  a  wholesale  market ; 
and  on  the  days  when  it  is  not  so  used,  as  a  retail  market  for  goods 
which  will  bear  exposure.     It  is  always  desirable  to  have  space 
outside  the  markets  or  in  neighbouring  streets  as  standing-room 
for  carts,  carriages,  and  horses.     In  choosing  a  design  for  a  market 
(as  for  any  public  building),  where  highly  ornamental  or  imposing 
elevations  may  be  suggested,  the  suitability  of  such  designs  for  the 
special  site  in  question  must  be  considered.     It  not  unfrequently  imposing  designs 
happens  that  designs  seen  to  advantage  on   paper  quite  fail   of      &i^"^f  effect, 
effect  when  executed,  if  the  market  be  surrounded  by  narrow  streets 
or  lofty  houses  which  shut  out  the  view. 

The  material  to  be  selected  for  market  buildings  of  course  depends 
largely  on  what  is  most  easily  obtainable  in  the  locality.     If  masonry  Masonry 

or  brickwork  can  be  executed  well  and  at  moderate  cost,  the  walls 
may  be  built  of  stone  or  brick,  and  the  architectural  details  of  the 
facades  and  elevations  designed  accordingly.     But  iron  is  peculiarly     iron  buildings, 
suitable  for  market  buildings  ;  and  even  where  brickwork  or  masonry        Seepage  860. 
can  be  obtained,  such  materials  are  often  best  confined  to  the  foun- 
dations and  dwarf  walls  on  which  iron  columns  stand.     If  the  frame- 
work be  thus  entirely  of  iron,  the  spaces  between  the  outer  columns 
may  be  treated  in  various  ways.     Slightly-built  brick   walls  with      screen  walls, 
openings  for  light  and  ventilation  may  be  placed  to  act  merely  as 
screens ;   or  by   placing   only  grilles  or   iron  railings  between   the 
columns,  the  air  may  be  freely  admitted  ;  this  method,  subject  to  the       Ventilation, 
exigencies  of  climate,  being  often  adopted  in  meat  or  cattle  markets 
where  ventilation  is  specially  needed.     In  either  case  the  light  can  Light, 

be  regulated  by  louvres  {persiennes)  of  glass,  wood,  zinc,  or  iron  ;  or 
by  awnings   or  curtains.     Tiles,  slates,  zinc,  galvanised  corrugated 
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iron,  and  glass  are  the  materials  used  for  roof  covering.  In  many 
countries  where  building  materials  have  to  be  imported,  tiles  are 
found  effective  both  in  appearance  and  durability  :  they  are  made 
much  lighter  than  formerly,  and  are  easily  fixed.  Slates  are  service- 
able in  a  climate  like  that  of  England,  but  they  are  fragile  for  export. 
Copper  or  zinc  is  the  best  metallic  covering  ;  galvanised  iron,  though 
cheap  and  effectual,  not  being  very  durable  in  cities  unless  periodic- 
ally painted.  The  amount  of  glass  must  be  determined  not  only  by 
the  light  required,  but  by  the  exigencies  of  the  climate.  Instead  of 
brickwork,  iron  panels,  tiles,  or  terra-cotta  can  be  used  with  good 
architectural  effect ;  and  in  some  cases,  where  the  sides  of  the  market 
are  shaded  from  the  direct  rays  of  the  sun,  an  iron  framework  is 
entirely  filled  in  with  glass. 

Although  traders  are  certain  to  arrange  their  stalls  according  to 
individual  choice — and  too  much  minute  detail  should  therefore  be 
avoided  in  the  design — it  is  d(isirable  to  maintain  a  general  uniformity 
of  appearance,  and,  by  making  the  interior  suitable  for  its  purpose, 
avoid  the  necessity  for  unsightly  additions  afterwards.  Thus  the  sup- 
porting columns  should  be  provided  with  brackets,  or  with  the  means 
of  attaching  brackets  at  a  uniform  level ;  and  if  considerable  weights 
have  to  be  suspended — as  at  butchers*  stalls — sufficient  strength 
should  be  given  to  the  various  supporting  parts.  In  warm  climates, 
provision  should  be  made  for  hanging  curtains,  or  awnings  ;  and  large 
openings  should  be  made  at  a  suitable  height  in  the  walls  to  promote 
ventilation. 

The  cost  of  covered  markets  depends  on  their  area  and  height,  and 
the  character  of  the  design.  In  estimating  the  cost  of  such  structures, 
the  "  square "  (equal  to  loo  superficial  feet)  is  generally  adopted 
by  English  engineers  as  the  unit  of  measurement ;  but  as  buildings 
may  be  erected  to  a  great  height,  and  it  is  obvious  that  then  the  ex- 
penditure for  covering  a  certain  superficial  area  will  be  increased, 
it  might  appear  as  if  the  cost  would  be  more  fairly  measured 
according  to  the  cubic  space  enclosed  by  the  walls  from  the  floor  to  the 
ridge  of  the  roof,  as  is  usual  in  stating  the  cost  of  ordinary  buildings. 
Thus,  in  England,  the  cost  of  cottages  will  range  from  5//.  to  7//.  per 
cubic  foot,  of  villas  from  8^.  to  ioy.,and  of  mansions  from  i  j.  to  u.  6^/. ; 
but  it  is  because,  in  buildings  of  these  kinds,  the  sizes  of  rooms,  the 
numbers  of  doors,  windows,  and  the  other  fittings  which  determine  the 
expenses,  bear  a  not  very  variable  proportion  to  the  space  enclosed,  that 
such  moderate  limits  of  difference  will  be  found  to  embrace  the  cost  of 
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almost  every  kind  of  dwelling-house.  But  when  public  buildings  of 
so  variable  a  character  as  markets  are  designed,  in  which  the  interior 
numbers  or  weights  of  parts  bear  no  fixed  relation  to  the  space 
enclosed,  and  when,  moreover,  buildings  are  made  so  high  as  to  add 
greatly  to  the  cubic  space  without  adding  proportionately  to  the  cost, 
then  any  application  for  purposes  of  estimate  of  a  fixed  price  per 
cubic  foot  will  be  found  fallacious  and  misleading.  It  is  impossible, 
therefore,  to  give  any  such  standards  of  cost ;  and  the  superficial  area 
becomes  a  safer  measure  if  the  qualifying  circumstances  be  borne  in 
mind.  The  height  which  is  suitable  depends  largely  on  the  climate 
and  the  nature  of  the  commodities,  both  of  which  circumstances 
determine  what  amount  of  ventilation  is  necessary. 

For  the  purpose  of  estimating  the  cost  of  markets,  the  preparation 
of  the  site  may  be  separated  from  the  erection  of  the  building.  If  an 
open  market-place  only  is  to  be  formed  on  a  site  already  clear, 
levelling  and  draining  will  probably  cost  from  J[^2  to  ^^^4  per 
square.  The  kind  and  cost  of  paving  of  course  depend  upon  the 
materials  obtainable.  An  entirely  new  macadamised  rolled  surface 
on  a  suitable  substratum  would  in  England  cost  from  J[^\  to  J[^^ 
l)er  square.  Paving,  with  granite  setts  upon  concrete,  costs  in 
England  from  ;^6  to  ^8  per  square.  Asphalt  (of  the  modem 
kind  used  in  street  paving)  on  concrete  forms  a  clean  and  durable 
flooring  for  a  market-place ;  a  thickness  of  2  in.  on  6  in.  concrete 
costing  from  jQ(i  to  ^9  per  square.  For  the  inside  of  a  market 
where  there  is  no  traffic  of  vehicles,  asphalt  f  in.  thick  would  suffice, 
at  a  cost  of  from  ^3  to  J[^^  per  square.  The  cost  of  electric  or 
gas  lamps  and  of  supplying  water  would  in  most  cases  have  to  be 
added  in  estimating  the  cost  of  an  open-air  market. 

Assuming  average  prices  of  material,  iron  sheds  or  arcades  or 
bazaars  of  the  simplest  kind  from  18  ft.  to  25  ft.  wide,  open  at  the 
sides,  and  from  12  ft.  to  20  ft.  high,  would  cost  from  ^£"8  to  ^14  per 
square ;  and  similar  buildings,  enclosed  at  the  sides  with  wall-screens 
of  corrugated  iron,  and  having  roof-covering  of  iron  and  glass,  would 
cost  from  ;^i2  to  £,1%  per  square.  Stronger  buildings,  as  suitable 
for  unenclosed  markets  in  a  large  city,  cost  from  ^15  to  ^25  per 
square.  The  foregoing  prices  are  exclusive  of  the  preparations  of  the 
site,  of  flooring,  of  interior  stalls  or  fittings,  or  of  water  and  gas 
supply.  A  floor  of  concrete  with  a  cement  surface  costs  from  ;^3  to 
jQ\  per  square  ;  wooden  flooring  on  sleeper- walls  and  timber  joists 
from  jT^d  to  £.%  per  square ;  wooden  blocks  bedded  upon  concrete, 

z  2 


Superficial  area 
the  DCBt  measure. 


Preparation  of 
site. 


LeveUing  and 
draining. 


Macadam  paving. 
See  pas*  i47» 

Granite. 
Asphalt. 


Lighting  and 
water-supply. 


Cost  of  sheds  of 
simple  design. 


Strongly  built 

unenclosed 

markets. 


Cost  of  flooring. 


340 


Mathesotis  Aid  Book.         [Chap.  XIV. 


Coat  of 
enclosed  markets. 

Set  page  ^Kn. 

Ikon  Roofs  & 

buildinos. 


Expensively-built 
markets. 


London  marketst 

examples 

of  high  cost. 


Cost  per 
"square." 

Set  Paget  338  <Sr*  88b. 


The  management 
of  markets. 

Seepage  34. 


Free -trade. 


Onerous 

conditions  to  be 

avoided. 

Bye-laws. 


Regulations  and 
prohibitions. 


from  ;^7  to  ^10  per  square.  Enclosed  markets  strongly  constructed 
of  iron,  with  wall-screens  of  brickwork  or  brickwork  combined  with 
iron  grilles,  cost,  including  flooring  and  lighting,  from  £^^o  to  ;^8o 
per  square,  and  when  lofty  or  imposing  designs  are  carried  out,  the 
cost  reaches  ;£^ioo,  the  exact  price  depending  on  the  height  of  the 
structure  and  on  the  character  of  the  design.  It  is  obvious,  how- 
ever, that  on  a  given  area  the  possible  range  of  exj^enditure  is  very 
wide,  and  it  will  be  found  that  even  the  limits  of  cost  above  stated 
do  not  include  markets  of  the  most  ex|>ensive  kind.  In  London,  for 
instance,  where  space  is  valuable,  where  a  constant  and  enormous 
trade  has  to  be  carried  on,  and  where,  therefore,  high  rents  can  be 
jjaid,  it  becomes  necessary  and  remunerative  to  construct  buildings 
of  the  strongest  kind,  and  to  provide  every  adjunct  for  facilitating 
the  commerce  of  the  market  Moreover,  in  a  capital  city  a  certain 
architectural  display  is  demanded,  which  adds  to  the  cost.  The 
more  modern  of  the  London  markets  have  lofty  and  imposing  eleva- 
tions, strong  walls  of  brickwork  with  ornamental  masonry,  massive 
iron  gates,  cellars,  stalls  enclosed  as  two-storied  shops  with  staircases, 
offices,  cranes  and  elaborate  stall  fittings.  Including  all  these  and 
the  numerous  other  appurtenances  of  a  public  market,  and  everything 
but  the  purchase  of  land,  the  cost  reaches  ;£^2oo  per  square. 

Even  after  a  suitable  market  has  been  erected  on  a  well-chosen 
site,  its  success,  both  financially  and  in  popular  estimation,  depends 
greatly  on  the  management.  The  principle  of  a  public  market 
demands  free-trade  and  competition;  and  care  must  be  taken 
that  the  normal  tendency  of  the  traders  to  combine  against  the 
interests  of  the  public  is  not  in  any  way  assisted  or  encouraged  by 
the  regulations.  It  is  generally  disadvantageous  to  farm  out  the 
tolls  to  one  lessee,  or  to  allow  the  stalls  to  be  occupied  by  cliques  or 
trade-unions,  to  the  exclusion  of  the  independent  trader  j  or  to  make 
conditions  too  onerous  for  traders  of  small  capital. 

Bye-laws  are  necessary  for  the  due  management  of  a  market :  such 
laws  having  reference  to  the  days  and  hours  of  business  ;  the  periods 
for  which  the  pens  or  stalls  will  be  let ;  prevention  of  overcrowding  or 
other  cruelty  to  animals ;  the  tariff  of  tolls  and  the  terms  of  holding ; 
prohibition  of  obstruction  in  the  avenues  of  the  market ;  the  price 
or  conditions  on  which  water  or  gas  will  be  supplied ;  conditions  as 
to  cleanliness  and  the  removal  of  refuse ;  the  kind  of  commodities 
which  may  be  sold,  and  limits,  if  need  be,  as  to  bulk  or  weight ;  the  iii- 
sjjcction  of  weights  and  measures  ;  the  preventing  the  sale  or  exposure 
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of  unwholesome  provisions,  or  the  undue  storage  of  perishable 
food  ;  the  standing-places  for  horses  or  carriers'  carts  ;  the  extinguish- 
ing of  fires  and  light ;  the  plying  for  hire  of  porters  and  others  ;  the 
hawking  and  crying  of  goods  for  sale  ;  and  penalties  for  infringement 
of  the  bye-laws. 

A  market  may,  however,  be  over-managed,  and  if,  by  too  strict 
regulations,  the  traders  are  hampered  in  their  business  or  purchasers 
subjected  to  excessive  control,  there  is  a  risk  of  the  market  becoming 
neglected.  Sometimes  such  over-regulations  arise  from  philanthropic 
motives,  or  from  overstrained  sanitary  precautions,  but  they  are  none 
the  less  prejudicial  to  the  success  of  the  undertaking ;  and,  within 
due  limits,  the  rules  should  be  framed  as  far  as  possible  to  accord 
with  the  habits  and  traditions  of  the  people. 

It  will  be  evident  from  the  wide  range  of  costs  given  on  page  339, 
that  a  full  knowledge  of  the  circumstances,  of  the  class  of  buildings 
required,  and  of  the  funds  availa'ble,  is  necessary  to  the  proper  design- 
ing of  a  market  building ;  and  for  enabling  capitalists,  engineers,  contrac- 
tors, or  municipal  officers  to  estimate  the  cost  and  revenue  of  the  under- 
taking.    The  information  required  may  be  summarised  as  follows  : — 

I.  A  il/Jr/of  the  town,  with  the  principal  streets,  railway  stations, 
existing  markets  and  public  buildings  marked  upon  it,  and  showing 
the  site  chosen  for  the  market. 

3.  A  Plan  on  an  enlarged  scale  of  the  site  of  the  market  and 
the  approaches  to  it ;  sections  showing  the  levels  of  the  site ;  and 
a  description,  with  photographs,  of  the  style  and  height  of  the  build- 
ings in  the  neighbourhood  of  the  site. 

3.  The  Condition  of  the  Site^  such  as  whether  it  is  cleared  and 
levelled,  or  whether  buildings  or  other  obstructions  have  to  be 
removed.  The  proprietary  rights,  if  any,  which  exist  with  regard  to 
the  land,  and  the  terms  on  which  they  are  to  be  dealt  with.  The 
nature  of  the  soil  and  its  suitability  for  foundations,  the  drainage 
system  which  exists  in  the  neighbourhood  of  the  site,  the  sewers  or 
drains  (as  indicated  on  a  plan)  to  which  the  waste-water  and  the 
rain-water  from  the  roofs  must  be  conducted. 

4.  If  the  new  building  is  to  occupy  the  site  of  an  Existing 
market^  the  arrangement  proposed  for  the  removal  of  the  old 
structure,  and  for  temporary  accommodation  during  the  rebuilding. 

5.  The  Service  for  which  the  market  is  intended ;  whether  for 
wholesale  or  retail  trade ;  the  nature  of  the  commodities  ;  and  whether 
galleries  or  cellars  are  required. 
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6.  The  present  Population  of  the  town,  its  past  rate  of  increase 
and  the  indication  of  increase  for  the  future ;  the  size,  shape  and 
appearance  of  existing  markets;  the  nature  of  the  business  trans- 
acted in  them,  and  the  rates  of  toll  or  rent ;  and  the  reasons  which 
have  suggested  the  necessity  or  advantage  of  the  proposed  new 
market. 

7.  The  nature  of  the  Climate^  the  frequency  of  rain,  and  the 
occurrence  of  heavy  rainfalls  or  snow,  the  extreme  variations  of 
temperature,  the  direction  of  cooling  winds,  the  force  and  direction 
of  heavy  winds  or  hurricanes,  and  such  other  particulars  as  may 
determine  the  mode  of  covering,  lighting  and  ventilating  the  build- 
ing, and  the  removal  of  rain-water. 

8.  Particulars,  as  already  described,  concerning  the  Materials  for 
building  and  the  timber  for  staging  which  are  obtainable  in  the 
town  or  which  may  be  purchased  in  the  country  ;  the  kind  of  work- 
men and  the  rates  of  wages  ;  the  facilities  for  landing  and  transporting 
materials ;  and  particulars  as  to  dues,  taxes,  and  imposts. 

9.  The  nature  of  the  Water-supply ^  the  contiguity  of  the  main  to 
the  market,  as  indicated  on  the  plan ;  or,  if  there  be  no  water-works, 
the  wells  or  other  sources  in  the  neighbourhood  of  the  market,  and 
the  terms  on  which  the  water  can  be  obtained ;  also  the  cost  of  gas 
or  electric  lighting. 

10.  If  assistance  be  asked  in  providing  Capital^  the  nature  of 
the  concession  to  be  granted  by  the  municipality,  or  the  terms  on 
which  the  markets  are  to  be  established,  should  be  described,  together 
with  the  data  upon  which  the  calculations  of  revenue  and  profit  have 
been  based. 


\S€e  also  Concessions  :  Iron  Buildings  and  Roofs,] 


CHAPTER  XV. 

MINING   ENTERPRISE  :   COAL,   COPPER,   GOLD,   IRON,   LEAD, 
SILVER,   TIN,   GEMS. 

Mining    stands    ajjart    from 
other  undertakings  in    that  it 
develops  the  natural  resources 
of  the  earth,  the  minerals  when 
'obtained  being  a  direct  addi- 
tion   to    the    wealth    of    the 
country  where  tbey  have  lain 
dormant.     Although  mining  is 
among  the  most  uncertain  and 
speculative  of  enterprises,  the     Mininj 
large  gains  that  have  been  obtained  in  the  past,  and  the  new  dis- 
coveries and  opportunities  that  present  themselves,  are  continually 
inducing   new   ventures.     While,  however,  as  compared  with  other 
industrial  pursuits,  mining  operations  offer  the  attractions  of  a  lottery, 
the   accumulated   experience    of  recent    years  allows   accurate  pre- 
liminary estimates  to  be  formed  in  some  kinds  of  mining;  and  the 
advanced  science  of  mineral  veins  still  further  tends  to  reduce  the  Science 
uncertainty  that  must  ever   attend   on   all    mining  ventures.     It  is 
not  the  purpose  here  to  deal  with  details  of  mineralogy,  but  merely 
to  draw  attention  to  the  leading  circumstances  which    have  to  be 
considered  in  the  inception  of  new  mining  projects. 

In  almost  all  countries  where  mining  is  carried  on,  there  are  laws  Hinin 
to  encourage  or  control,  and  where  such  laws  are  wanting  or  are  ill- 
administered,  mining  operations  are  hindered.  The  first  and  most 
important  relate  to  the  terms  on  which  mining  will  be  permitted,  and 
the  regulations  concerning  the  tenure  of  land.  There  is  in  most  Tenun 
countries  a  considerable  departure  from  the  ordinary  laws  concerning 
the  ownership  and  occupation  of  land.  This  is  the  case  even  in 
Kngland,  where  the  rights  of  property  are  so  well  guarded.     Examjiles 
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of  mining  laws  and  customs  are  afforded  by  the  local  rules  that  have 
grown  up  from  ancient  times  in  Cornwall  and  Devonshire  for  tin  and 
copper,  and  in  Derbyshire  for  lead.  Mining  customary  laws,  as 
anachronisms  incompatible  with  modern  industrial  conditions,  are, 
however,  likely  to  disappear.  At  present,  however,  they  exist  and 
have  the  force  of  law ;  indeed,  many  of  them  have  been  embodied 
and  confirmed  in  special  Acts  of  Parliament. 

Modem  mining  laws  are  of  two  types — those  which,  as  in  France, 
reserve  an  arbitrary  discretion  to  the  Government  and  hamper  the 
miner  with  restrictions,  and  those  which,  as  in  Spain,  determine  all 
ordinary  cases  by  fixed  and  simple  rules,  favouring  and  facilitating 
the  "  denunciation,"  working,  and  transfer  of  mines.  In  countries 
where  the  latter  system  is  adopted  and  where  numerous  mining  rights 
are  acquired  in  the  same  district,  confusion  sometimes  arises  from  the 
abundance  of  concessions,  because  they  overlap,  llierefore  care 
should  be  taken  to  enter  all  mines  in  the  public  register  of  property, 
and  to  compare  and  investigate  the  title  before  purchasing  or  leasing. 
The  text  of  modern  mining  laws  is  usually  meagre,  and  the  adminis- 
trative regulations  and  practical  rules  that  guide  the  Government 
officials  are  what  chiefly  interest  the  miner. 

The  general  basis  for  mining  laws,  and  of  the  customs  referred 
to  above,  is  the  assumption  that  the  discovery  and  working  of  mines 
are  for  the  public  advantage,  and  that  if  the  owner  or  occupier  of  the 
land  does  not  work  the  minerals,  the  right  ought  to  be  granted  to 
whoever  will  undertake  to  do  so.  In  some  countries  the  minerals 
are  held  to  belong  to  the  State,  independently  of  the  ownership  of 
the  surface  land,  and  in  such  cases  the  miner  need  make  a  bargain 
only  with  the  State  authority,  which  grants  also,  under  certain  reason- 
able restrictions,  the  right  to  take  sufficient  surface  land  on  a  fair 
rental  from  the  owner  or  occupier.  It  is  desirable  also  to  secure 
from  the  landowner  the  right  to  use  water,  clay,  sand,  timber  and 
other  materials  from  the  property,  and  to  secure  free  access  or  right 
of  way.  Mining  rights  are  generally  qualified  with  the  obligation  to 
continue  working  under  penalty  of  forfeiting  the  privilege. 

Except  where  the  mine  is  the  absolute  property  of  those  who 
work  it,  some  rent  or  royalty  has  to  be  paid  for  the  mining  rights  and 
sometimes  for  way-leave  also.  In  newly  settled  countries,  where  the 
land  is  not  yet  appropriated,  a  Government  generally  seeks  to  en- 
courage mining  by  charging  only  a  license  fee,  or  small  nominal 
sum  sufficient  to  pay  the  expenses  of  Government  surveys  and  super- 
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vision.     Sometimes  a  Government  will  do  more :  will  make  surveys      Government 

,  ,  ,  -.       .1,  •  surveys. 

gratuitously  or  at  less  than  cost,  and  will  even  in  some  cases  assist  in  seepage  26. 
prospecting  by  lending  boring-tools  free  or  at  small  cost  A  Govern- 
ment may  do  much  to  assist  mining  by  making  geological  surveys 
and  publishing  such  particulars  as  will  assist  in  deciding  upon  new 
ventures.  Mineralogical  reports  are  as  necessary  to  the  progress  of 
a  country  as  are  agricultural  reports,  but  are  not  always  so  regarded 
In  many  foreign  countries  monopolies  are  given  or  sold  by  the  State 
for  the  working  of  mines,  such  concessions  being  sometimes  accom- 
panied by  facilities,  privileges,  or  guarantees. 

Rent  may  be  paid  in  various  ways,  e.g.  at  a  fixed  annual  rate.  Royalty  how  paid, 
or  per  acre,  or  per  ton  of  ore  raised  or  sent  away,  or  per  ton  of 
mineral  extracted,  or  by  a  percentage  of  gross  receipts,  or  by  a 
percentage  of  net  revenue.  In  some  mining  districts  there  is  a  re- 
servation, varying  from  -,'yth  to  i^'^th,  of  dressed  mineral,  which,  after 
inspection  and  valuation  by  the  agent  of  the  landlord,  is  taken  by 
the  miners  who  pay  the  value  of  this  reserved  portion,  i.e.  royalty. 
In  the  case  of  a  joint-stock  company  the  landlord  may  be  paid  in 
shares  of  the  company  for  his  rights,  such  shares  being  preferential,  in  shares, 
or  equal  or  deferred,  according  to  the  prospects  of  success,  the  exact 
terms  being  arrived  at  as  a  matter  of  bargain.  If  the  proprietor  is 
certain  of  successful  results,  he  will  risk  nothing  in  taking  a  deferred 
share  in  the  earnings,  and  such  an  agreement  encourages  those  who  Deferred  shares, 
are  providing  working  capital  to  run  the  risks  of  the  enterprise.  But 
the  proprietor  of  the  land  will  need  to  be  assured  of  good  management 
before  agreeing  to  postpone  his  claim. 

Fixed  rents  often  prove  onerous  when  the  selling  value  of  the 
mineral  is  low,  or  where  for  any  reason  the  cost  of  production  ap- 
proaches the  price  obtained.  Even  when  the  royalty  is  charged  at  a 
rate  per  ton,  a  "  dead-rent "  or  minimum  is  frequently  exacted,  which 
must  be  paid  in  any  case,  though  it  is  merged  in  the  rate  per  ton. 
If  in  any  year  the  "  dead-rent "  exceeds  what  would  have  been  due 
according  to  the  tonnage,  the  lessee  should  be  allowed  to  make  up  the 
deficiency  in  any  succeeding  year.  As  the  dead-rent  is  supposed  to 
be  an  incentive  to  the  miner  to  work  the  mine  and  to  safeguard  the 
owner  against  neglect,  so  a  like  stimulus  is  afforded  by  the  expenditure 
on  plant  which  the  lessee  has  to  make  and  on  which  interest  can  only 
be  earned  by  working  the  mine.  As  originally  the  landlord  was 
only  entitled  to  a  portion  of  the  ore  actually  raised,  and  minimum 
dead-rents   are   only   a   comparatively   modern   innovation,  it   is  a 
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question  whether  it  would  not  be  equitable  to  make  provision  in 
leases  for  reduction  in  dead-rent  in  proportion  to  the  increase  in 
expenditure  on  plant.  Sometimes  the  lessee  has  the  advantage  of 
works  already  carried  out  by  the  owner  or  by  a  previous  tenant,  such 
as  shafts,  roads,  buildings,  or  plant,  and  a  royalty  may  include 
interest  on  such  capital  expenditure.  In  other  cases  these  works 
are  taken  and  paid  for  at  a  valuation.  Besides  the  rent  or  royalty 
for  the  minerals,  a  rent  is  generally  fixed  for  the  surface  land  required, 
or  which  may  be  damaged  either  by  the  works  or  by  the  refuse 
minerals,  and  for  the  additional  land  taken  up  from  time  to  time. 
In  Yorkshire  and  other  parts  of  England  the  surface  rent  is  fixed  at 
double  the  current  agricultural  rent,  and  a  sum  per  acre  is  fixed 
which  must  be  paid  by  the  miner  for  any  portion  of  the  land  which 
on  ceasing  working  he  does  not  restore  to  a  fit  state  for  agriculture. 
The  "pit  hills"  of  refuse  from  a  mine,  although  of  small  account 
where  land  is  available  for  nothing,  are  often  a  serious  expense.  In 
some  countries  the  State  grants  short  leases  and  relets  the  mines  at 

.5>r  Elba,  A»ir<^  38a.  regular  intervals  to  the  highest  bidder,  but  in  such  cases  the  fixed 

plant  is  included  in  the  property. 

If  a  mine  be  sold,  the  price  may  be  deemed  the  capitalised  value 
of  the  rent  or  royalty,  taking  into  account  the  risks  and  probabilities 
for  the  future.  To  the  seller  there  is  the  advantage  of  realising  at 
once.  To  the  purchaser  there  must  be  the  advantage  of  buying  for  a 
much  lower  sum  than  the  rent  or  royalty  would  amount  to  on  the 
anticipated  output.  A  prudent  purchaser  endeavours  to  combine  the 
advantages  of  both  plans — to  commence  with  a  rent  or  royalty  till 
the  mine  is  thoroughly  proved,  reserving  the  option  for  a  given  period 
of  buying  the  mine  at  a  price  fixed  in  the  lease.  If  a  purchaser  or 
lessee  is  proving  the  mine  at  his  own  cost,  he  obviously  requires  a 
large  prospective  or  speculative  profit  to  induce  him  to  run  the  risk.* 
The  temptation  to  work  mines  recklessly,  dangerously,  or  without 
regard  to  the  future  for  the  sake  of  an  immediately  profitable  result 

Poor  man  mining,  (commonly  known  as  "  poor  man  mining  ")  is,  however,  in  many  cases 

to  be  specially  guarded  against  by  the  lessor  or  owner  of  the  royalty. 
The  farming  of  mines  to  contractors,  or  the  letting  on  tribute  by 
which  the  miners  undertake  to  get  the  ore  at  so  much  per  ton,  though 
an  equitable  and  convenient  plan,  may  be  injurious  to  the  mine 
unless  carefully  supervised. 

The  existence  of  the  mineral  in  remunerative  quantities  is  one  of 

Proving  of  mines,  the  first  circumstances  to  be  considered  or  proved,  and  it  is  mainly  to 
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the  doubt  which  may  exist  on  this  point  that  mining  ventures  owe 
their  speculative  character.  The  uncertainty  may  be  minimised  by 
taking  advantage  of  existing  information  and  by  full  preliminary 
investigation.  Although  the  presence  of  minerals  in  sufficient  quan- 
tity can  seldom  be  predicted  with  certainty,  the  negative  may  be  often 
positively  declared,  and  money  has  frequently  been  wasted  in  explora- 
tions, plant  and  otherwise,  which  would  have  been  saved  by  a  rudi- 
mentary geological  knowledge  or  by  making  proper  deductions  from 
the  previous  investigations  of  others. 

In  some  cases  the  presence  of  the  minerals  may  be  obvious,  and 
a  practical  miner  accustomed  to  the  country  and  the  same  character 
of  mine  can  estimate  the  cost  of  extracting  the  mineral.  In  other 
cases,  the  employment  of  a  trained  mining  engineer  may  be  the 
condition  on  which  alone  a  trustworthy  report  can  be  obtained.  Such 
a  person  can  ascertain  and  state  intelligibly  how  much  or  how  little 
information  can  be  obtained  regarding  the  mine.  There  are  cases  in 
which  a  prospector  who  is  merely  a  geologist  or  mineralogist,  or  a 
civil  engineer,  mining  foreman,  or  a  mine  accountant,  cannot  serve 
efficiently  as  a  substitute  for  a  mining  engineer.  A  quaHfied  expert 
may  be  able  to  detect  at  first  sight  a  worthless  or  spurious  mine,  but 
he  can  rarely,  without  taking  time  to  thoroughly  examine  and  test  the 
workings,  speak  positively  regarding  the  prospects  of  a  mine  even  if 
already  worked ;  and  in  the  case  of  new  and  virgin  deposits  he  will 
usually  require  to  make  exploratory  trials  occupying  a  considerable 
time.  In  most  civilised  and  settled  countries  mining  enterprise  is 
facilitated  by  official  records  or  geological  investigations  which  have 
been  made  or  gathered  together  by  the  State  or  by  scientific  associa- 
tions, and  such  records  should  be  carefully  examined  before  com- 
mencing operations  which  they  might  assist,  or  forbid. 

The  presence  of  minerals  may  often  be  surmised  from  outcrops 
and  other  surface  indications,  but  though  these  seldom  afford  more 
than  presumptive  evidence,  they  may  be  quite  sufficient  to  justify 
further  investigations.  There  may  be  the  actual  presence  of  ore  on 
the  surface,  either  revealed  by  the  weathering  action  of  cold  and  heat, 
or  where  it  has  been  washed  bare  of  alluvial  soil  covering  the  bulk  of 
the  deposit.  Other  indications  are,  for  instance,  the  presence  of  the 
mineral  in  the  sand  or  mud  of  a  river  bed,  the  impregnation  of  water 
with  metallic  salts,  or  the  presence  of  minerals  known  elsewhere  to 
be  associated  with  the  special  mineral  sought.  In  some  cases  the  ore 
may  have  been  brought  down  by  streams  from  higher  ground,  whither 
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the  sources  should  be  traced.  Metals  which  occur  in  a  state  of 
approximate  purity  are  said  to  be  "  native."  Such  metals  are  seldom 
so  found  in  veins,  the  non-metallic  portion  of  the  ore  being  known  as 
matrix,  gangue,  reef  or  veinstone. 

River  gullies  and  their  small  lateral  feeders  are  the  most  promis- 
ing lines  for  exploration.  Too  much  reliance  must  not,  however,  be 
placed  on  surface  indications.  Thus  while  water  on  analysis  may  be 
found  to  contain  certain  sulphates  of  copper  or  iron,  the  ore  is  very 
frequently  so  diffused  through  the  strata  as  not  to  pay  the  expense 
of  getting  it.  The  most  careful  examination  of  the  surface  often 
fails  to  give  satisfactory  information,   and  boring    or    excavation 

6v^Tom.sj/rtf«  406  becomes  necessary.     Sometimes  mere  trenches  or  pits  are  sufficient 

to  reveal  the  ore,  but  in  other  cases  very  deep  borings  may  be 
required.  Mineralogical  knowledge  or  information  concerning  the 
results  of  neighbouring  operations  or  other  local  circumstances  may, 
as  the  boring  proceeds,  be  a  trustworthy  guide  as  to  the  expediency 
of  proceeding  further.  The  modem  use  of  the  diamond  drill  and 
other  improved  boring  apparatus  affords  great  facilities  for  prospecting 
at  a  less  cost  than  formerly. 

Even  a  moderate  knowledge  of  chemistry  and  assaying  processes 
is  of  great  assistance  to  an  explorer,  for  though  it  would  not  be  safe 
to  base  extensive  operations  on  any  but  complete  analysis  by  an 
expert,  yet  there  are  often  cases  where  sufficient  proof  for  the 
immediate  purpose  may  be  obtained  by  less  experienced  persons. 
To  assay  correctly  requires  a  course  of  special  training,  but  the 
simpler  experiments  with  the  blowpipe  and  by  chemical  tests  prove 
the  presence  of  the  minerals,  and  will  generally  afford  results  suffi- 
cient to  determine  the  expediency  of  procuring  more  elaborate  and 
precise  assays. 

In  most  countries,  old  workings  or  traces  of  old  trials  are  the  most 
important  practical  indications.  In  many  districts  in  Europe  and  the 
East,  most  of  the  surface  indications  have  been  detected  and  examined 
in  ancient  times,  and  the  important  question  in  such  cases  is  the  cause 
of  abandonment.  This  may  be  due  to  such  events  as  war,  revolution, 
or  conquest  by  a  barbarous  race  ;  to  the  exhaustion  of  a  superficial 
rich  ore,  such  as  soft  hematite,  or  copper  and  lead  carbonates ;  or 
the  inadequacy  of  the  mining  appliances  employed  to  cope  with  the 
difficulties  of  deep  working.  Very  often  mines  were  worked  down 
to  the  water  level,  means  for   pumping   the   water  being   wanting. 

Improved  methods  Steel  drills,  explosivcs,  good  pumping  machinery,  improved  means 
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of  transport,  metallurgical  treatment  on  the  spot,  or  the  discovered 
value  of  by-products  formerly  valueless,  may  enable  the  modem 
miner  to  derive  profit  from  works  that  were  necessarily  abandoned. 
Old  workings  sometimes  disclose  that  failure  has  resulted  from  mere 
ignorance  of  underground  surveying,  and  in  other  cases  the  debris  on 
the  mine  bank  may  show  that  unskilled  smelting  experiments  brought 
inevitable  failure. 

Even  when  the  existence  of  the  mineral  has  been  ascertained  by 
preliminary  investigations,  it  is  expedient  to  prove  it  further  before    VeriScation  of 
large  sums  are  expended  either  in  purchasing  the  mineral  rights  or  in  ^^^  ** 

expensive  plant.  Leaving  cases  of  actual  fraud  or  misrepresentation 
out  of  the  question,  a  large  proportion  of  the  disappointments  and 
losses  from  mining  ventures  have  arisen  from  basing  large  expenditure 
on  insufficient  facts.  Prospecting  in  advance  should  proceed  step 
by  step  with  the  tentative  working.  Even  where  the  circumstances 
are  such  as  to  make  it  evident  that  operations  on  a  large  scale  will 
be  the  best  or  only  plan  to  obtain  satisfactory  results,  practical  work- 
ing on  a  moderate  scale  may  be  first  attempted.  This,  if  successful, 
even  though  not  remunerative,  may  justify  the  larger  expenditure; 
while  if  unsuccessful,  such  a  mode  of  procedure  will  have  minimised 
the  loss. 

In  the  preliminary  investigation  of  a  mine  there  are  two  distinct  Preliminary  risk*. 
risks  to  be  encountered ;  first  that  the  costs  of  investigation  will  be 
more  than  anticipated,  and  secondly,  that  when  proved,  the  results 
may  show  that  the  working  of  the  mine  will  be  unremunerative. 
The  first  risk  may  be  avoided  by  making  a  separate  bargain  with 
those  accustomed  to  such  work,  to  excavate  to  a  given  depth  in  one 
or  more  places,  or  to  investigate  in  some  other  prescribed  manner 
the  condition  and  richness  of  the  mine.     Even  after  allowing  a  profit 
to  those  who  do  this  preliminary  work,  the  cost  will  generally  be  less   coat  of  proving 
than  to  those  who  have  to  find  plant  and  supervision  for  their  one 
operation ;  and  very  often  the  contractors  will  undertake  the  work  at  Separate  contract 
what  they  estimate  as  the  bare  cost,  or  less  than  cost,  to  themselves       **'  proving, 
if  a  share  of  the  profit  is  assured  to  them  in  case  of  success.     By 
this  means,  much  of  the  trouble  and   expense   of  machinery  and 
organisation  may  be  saved  till  the  actual  development  of  the  mine  is 
resolved  on.     The  restriction  of  the  preliminary  expenditure  to  an 
agreed  sum  also  affords  a  convenient  means  for  dividing  the  outlay 
between  those  who  have  varied  interests  in  the  property. 

ITie  value  of  exploratory  work  will  almost  wholly  depend  on  its 


350  Mathesons  Aid  Book.  [Chap.  XV. 

Choice  of  miners  being  adapted  to  the  particular  inquiry.     A  mining  captain  admirably 

fitted  to  direct  the  daily  work  of  a  mine  on  a  system  to  which  he  has 
been  accustomed  is  not  necessarily  qualified  to  prospect  in  a  different 
country  under  different  circumstances.  At  this  preliminary  stage,  the 
services  of  a  practised  geologist  with  little  mining  knowledge  may 
be  preferable  to  those  of  an  average  mining  captain. 

The  success  of  mining  ventures  depends,  it  will  be  seen,  on  so 

many  circumstances  besides  the  mere  obtaining  of  the  minerals,  that 

Proving  before    in  the  purchase  or  renting  of  a  mine  it  is  seldom  that  an  absolute 

purchase.  ° 

payment  can  be  prudently  made  to  the  vendor,  or  long  engagement 
as  to  dead-rent  be  entered  into,  till  full  proof  beyond  mere  preliminary 
success  is  obtained.  Some  equitable  plan  should  be  arranged  by 
Payment  by  which  payment  is  made  contingent  on  profitable  results,  or  is  made 
secondary  to  the  preferential  profits  of  those  who  are  embarking 
capital  in  the  enterprise.  On  the  other  hand,  it  is  a  fair  subject  for 
speculation  if  a  mine  is  offered  for  actual  sale  at  a  low  sum  because 
the  results  are  still  doubtful. 

Disappointment  often  arises  in  finding  that  the  produce  of  a  mine 
Bulk  differs  from  docs  not  accord  with  the  previous  analysis  of  samples.     If  this  dis- 
crepancy become  apparent  after  the  separation  or  smelting  of  the 
metal,  it  may  not  be  due  either  to  errors  in  the  sampling  or  assaying, 
but  only  to  the  circumstance  that  large  quantities  of  ore  can  seldom 
be  treated  so  exhaustively  as  small  quantities  in  a  laboratory.     But  if 
it  is  the  ore  itself  which  shows  the  difference,  it  will  probably  be 
Assays.         owing  to  errors  in  sampling  rather  than  in  assaying.     There  is  no 
difficulty  in  obtaining  the  services  of  skilled  and  trustworthy  assay ers, 
who  will  correctly  report  on  what  is  put  before  them.     But  sufficient 
pains  may  not  have  been   taken   to   ensure  the  employment   of  a 
Sampling  requires  skilled  and  trustworthy  sampler.     To  take  from  the  workings  of  a 
See  Aa  es  26  &>    8.  "^J^^j  ^r  ffom  the  heap  of  ore   on  the  bank,  or  from  a  cargo  of 

500  tons,  such  a  portion  of  the  ore  as  will  when  further  reduced  to  a 
sample  of  5  lb.  correctly  represent  the  whole,  requires  not  only 
honesty  and  care,  but  skill,  only  acquired  by  practice. 

Having  proved  that  minerals  are  to  be  obtained  in  apparently 
paying  quantities,  and  having  arranged  the  terms  of  purchase  or 
tenure,  with  proper  conditions  as  to  access  and  transport,  the  profits 
Estimate  of  cost  will,  thirdly,  depend  upon  the  accuracy  of  the  estimates  of  the  cost 
and  pro  t.  ^^  getting  the  mineral,  and  its  value  when  got.  There  may  be 
abundant  mineral  of  good  quality  and  a  ready  market  for  it 
when   obtained,  but   there   may   be   an   insufficient   or   no   margin 
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between   the  cost  of  getting  and  delivering  to  market,   and  the 
selling  price. 

The  cost  of  getting  and  bringing  to  market  may  be  divided  into 
four  main  items ;  First^  the  current  expenses  of  labour,  superintend- 
ence, materials  and  stores ;  Second^  the  cost  of  transport ;  Third,  the 
royalty  or  tribute  ;  Fourth,  the  interest  on  the  capital  sunk  in  purchas- 
ing the  mine  and  plant,  and  on  the  liquid  or  working  capital.     The 
first  two  items  must  be  paid  in  full ;   the  last  two  may  admit  of 
alteration.     In  estimating  the  first  of  these  items — the  cost  of  getting 
— it  is  seldom  that  precedents   sufficiently  identical  are   available. 
Even   in  the   same   district  the   depth  may  be  greater  than  in  a 
neighbouring  mine,   and   more   waste   or   overburden   have   to   be 
removed ;  or,  owing  to  the  nature  of  the  strata,  the  labour  of  sinking 
may  be  tenfold  that  in  a  previous  case.     Excessive  water  or  other 
difficulties  may  be  encountered  which  upset  all  previous  calculations, 
while,  in  a  new  country  or  district,  the  whole  circumstances  may  be 
so  diffiirent  from  the  previous  experience  of  those  concerned  as  to 
render  their  estimates  fallacious.     The  various  methods  of  approach- 
ing minerals,  such  as  by  drifts,  levels  or  vertical  shafts  and  galleries, 
or  by  open-cast,  have  each  advantages  in  particular  cases.     But  each 
system  has  its  drawbacks,  all  of  which  must  be  taken  into  account  in 
making  estimates  of  cost  and  profit.     There  is  not  only  the  cost  of 
bringing  to  bank,  but  the  cost  of  dressing  or  separating  the  ore  from 
the  gangue  or  otherwise  preparing  it,  if  such  operations  be  needed  at 
the  mine.     Some  ores  are  more  refractory  than  others;  elaborate 
machinery  may  unexpectedly  be  needed ;  labour,  water,  fuel,  timber, 
or  other  necessaries   may  be   scarce ;   or  the   skilled  management 
essential  to  success  may  be  wanting.     Water  is  necessary  in  almost    water  and  fuel, 
all  mining  operations,  as  well  for  dressing  the  ore  as  for  steam  boilers, 
and,  where  fuel  is  scarce,  water  power  is  the  only  alternative.     The 
rich  gold  mines  of  the  Transvaal  would  have  been  practically  worth-  tramsvaal  Gold. 
less  had  it  not  been  for  the  abundant  coal  available.     Where  there       Seepage  ^jz, 
appears  to  be  insufficient  or  no  margin  between  outlay  and  return, 
an  investigation  of  the  methods  adopted  by  others  may  show  the 
possibility  of  saving.     While  modes  of  working  which  have  proved 
successful  with  certain  kinds  of  ore,  or  with  high  selling  prices  may 
under  less  favourable  circumstances  prove  un remunerative,  it  does 
not  follow  that  further  working  will  not  pay  under  improved  manage- 
ment. 

In  this  matter  of  estimates   of  probable  cost   of  winning  and 
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Misleading  dressing  ore,  the  man  who  judges  only  by  particular  local  precedent 
is  at  a  special  disadvantage.  An  engineer  of  wider  knowledge  will 
apply  the  principles  of  ore  winning  and  ore  dressing  to  the  particular 
rocks  and  minerals  of  the  mine.  The  improvements  due  to  scientific 
methods  of  winning  ore  are  inestimable.  The  cost  of  getting  and 
^rrCoppBR,/air366.  dressing  ore  in  some  of  the  chief  European  and  American  mines  has 

been  reduced  by  nearly  one-half  under  the  direction  of  competent 
and  painstaking  mining  engineers. 
Transport.  Transport  is  an  element  in  the  economy  of  mining  the  importance 

^«*  <»i*opagn -3^^    of  which  depends  mainly  on  the  proportion  of  weight  to  value  in 

the  minerals.     Even  where  the  means  of  transport  appear  to  be  close 

at  hand,  it  is  necessary  to  confirm  or  acquire  facilities  or  rights  of 

Tolls.  way  from  the  mine  to  the  line  of  route,  and  if  possible,  free  from  toll. 

While  the  exploitation  of  mines  is  generally  left  to  private  enterprise, 

it  is  the  proper  function  of  the  State  or  local  authority  to  make  or 

Roads  and  canals,  promote  the  making  of  roads,  railways,  or  canals,  so  as  to  develop 

Way-leaves,      the  mineral  riches  of  the  country.     Royalty  or  rent  for  "  way-leave  " 

is  sometimes  charged  by  the  owners  of  neighbouring  lands  or  mines, 
over,  under,  or  through  which  the  minerals  may  have  to  be  carried. 
Rich  mines  have  often  been  commercially  valueless  for  want  of  cheap 
transport ;  and  as  the  construction  of  a  road,  railway,  or  canal,  or  the 
Places  of       improvement  of  a  harbour  or  place  of  shipment  has  been  the  essential 
s  ipmen  .       condition  for  developing  the  mine,  the  first  profits  are  due  rather  to 
those  who  incur  the  risk  and  expense  of  creating  such  facilities  than 
to  those  who  are  the  owners  of  the  otherwise  inaccessible  mineral. 
But  if  the  enterprises  are  kept  separate  ;  if  a  certain  amount  of  traffic 
be  guaranteed  by  those  who  work  the  mines,  then  the  risk  is  incurred 
only  by  the  guarantors,  who  need  only  ensure  a  revenue  to  pay 
interest  on  the  fair  cost  of  the  road  without  giving  up  any  of  their 
speculative  profit. 
Water  carriage.         Water  carriage  is,  where  available,  the  cheapest  for  the  convey- 
ance of  minerals,  and  next  in  cheapness  comes  railway  carriage,  and 
it  is  to  her  advantage  in  these  respects,  as  much  as  to  her  mineral 
riches,  that  Great  Britain  has  owed  her  industrial  pre-eminence.    The 
facilities  for  transport  often  determine  the  treatment  of  the  ore  at  the 
Ore  and  fuel      mine.     It  may  sometimes  appear  best  to  bring  the  mineral  to  places 
roug  t  toge   er.  ^^^j.^  ^j.  j^gg  distant,  where  fuel,  water,  labour  and  other  necessaries 

are  cheapest  for  dressing  or  smelting ;  but  this  depends  greatly  on 
whether  the  mine  be  situated  on  elevated  ground.  If  it  be  so,  the 
mineral   may  by  its  own   gravity  afford  the  means  of  movement. 
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Where  this  is  not  the  case,  it  may  be  expedient  even  at  great  expense 
in  these  respects  to  treat  or  partially  treat  the  ore  at  the  mine  so  as  Ore  treated  at  the 
to  reduce  the  weight  that  has  to  be  carried.     Copper,  lead  and  silver        ^^^  coppkr 
afford  examples  of  minerals  usually  concentrated  at  the  mine  because     i^^j^Sfiig^itg, 
of  the  exigencies  of  transport.  biLVKR,  ^^e  394. 

Where  situated  on  the  sea  or  on  navigable  rivers,  ore  can  often 
be  carried  3000  miles   more  cheaply  than   50   miles  by  road,  and    Cheap  transport, 
mines  so  situated  have  a  value  accordingly.     Coal  is  carried  from 
Pittsburg  to  New  Orleans,  1500  miles  by  river,  for  less  than  2s,  per 
ton;  iron  ore  is  carried  across  the  Atlantic  for  lox.,  while  in   the 
absence  of  railways  6d.  per  mile  is  not  an  excessive  charge  for  land 
carriage.      Sometimes  ore  is  carried  by  sea  at  very  low  rates  of 
freight,  or  even  without  charge,  because  of  its  utility  as  ballast,  and     Ore  carried  as 
mines  may  depend  entirely  for  their  success,  which  may  thus  be  only  seepages  379  <&•  445. 
temporary,  on  such  facilities. 

As  incident  to  the  total  cost  of  transport,  the  arrangements  for         Iw?*^*"  °I 
shipment  must  be  considered.     Even  when  the  ore  is  contiguous  to 
the  river  or  sea,  or  after  it  has  been  transported  thither,  there  are 
often  difficulties  in  the  way  of  putting  the  mineral  on  board  ship. 
Expensive  piers   or   jetties   may  have   to   be    constructed,   cranes   Pier*  and  ci^nes. 

^  f^  J  J  '  See  page*  xz%&*n^l. 

erected,  boats,  barges  and  other  apparatus  of  shipment  provided. 
Sometimes  there  are  difficulties  which  hinder  the  approach  of  vessels, 
such  as  bad  anchorage  ground,  insufficient  depth  of  water,  want  of 
harbour  accommodation  or  of  shelter  from  storms  or  winds.  Thus 
the  profit  of  mining  operations  may  depend  upon  the  construction  of 
a  breakwater  or  pier  rather  than  on  the  actual  operations  at  the 
mine.  But  even  when  all  these  difficulties  have  been  met,  the  rates  *^»*«*  ^^  freitht. 
of  freight  will  depend  largely  on  the  chances  of  reciprocal  trade,  for 
shipowners  prefer  to  send  their  vessels  to  places  where  there  is 
cargo  to  be  carried  both  ways.  Sometimes  the  ship  or  railway  that 
brings  the  ore  to  the  fuel,  may  carry  back  fuel  to  the  ore,  and  smelt- 
ing operations  be  conducted  at  both  places.  Thus  iron  ore  from 
Bilbao  and  coal  or  coke  from  Middlesbrough  are  interchanged,  Oj«  and  fuej 
copper  ore  and  coke  between  Spain  and  England,  and  iron,  coal  seepage-^, 
and  coke  between  Northamptonshire,  Derbyshire,  and  Yorkshire. 
The  treatment  of  copper  ore  by  the  wet  process  also  affords  such 
return  cargo  in  the  scrap  or  pig  iron  necessary  for  precipitation. 

From  what  has  been  said,  it  will  be  seen  that  in  considering  the 
facilities  of  transport,  every  step  from  the  mine  to  the  place  of  con- 
sumption must  be  held  in  view  before  a  comparison  of  one  mine  with 

2   A 
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another  can  be  made,  or  a  correct  estimate  of  profit  and  loss  be 
arrived  at. 
Rent  and  royalty.         In  cxercising  mining  rights  as  referred  to  on  page  344,  it  is  of 

course  necessary,  if  rent,  royalty,  or  tribute  in  any  shape  has  to  be 
paid,  that  there  be  a  margin  between  the  cost  of  getting  the  mineral, 
including  transport,  and  the  selling  price  to  allow  the  paying  of  such 
a  charge.  It  is  obvious  that  the  actual  current  expenses  of  getting 
and  transporting  the  ore  mu^t  be  paid,  and  what  remains  over  forms 
the  profit  to  those  concerned.  It  may  sometimes,  therefore,  become 
necessary  to  reconsider  the  rates  of  royalty,  and  those  who  are 
entitled  to  it  must  elect  between  a  cessation  of  their  rent  or  the 
Dead-rent.  acceptance  of  a  less  amount.  If  a  dead-rent  be  payable,  then  the 
Seepage  345.        whole  Capital  and  plant  of  the  miners  is  generally  answerable  for  it, 

although  sometimes  in  mining  leases  provision  is  made  for  a  surrender 
of  the  lease  on  moderate  terms  if  further  working  appear  unprofitable. 
It  is  for  this  reason  that  payment  by  a  share  of  profit  rather  than  at  a 
fixed  rate  is  the  most  equitable  for  all  concerned.  There  should  also 
be  a  reserve  or  provision  for  the  fulfilment  of  the  contract  by  the 
Surrender  of  lease,  lessee,  and  surrender  in  good  condition  at  the  end  of  the  term. 

Interest  on  Interest  on  capital  is  a  charge  on  mining  operations  that  varies 

caoital 

according  to  circumstances,  but  it  is  an  incident  of  most  mining 
ventures  that  capital  once  sunk  cannot  be  recovered.  Therefore,  if 
the  earnings  are  insufficient  after  payment  of  current  expenses  to  pay 
the  expected  or  stipulated  interest,  the  investor  has  to  be  content 
with  a  smaller  rate  as  better  than  none  at  all,  for  if  the  mine  stops 
working  he  cannot  transfer  his  capital  elsewhere.  If,  owing  to  low 
prices,  or  for  other  special  reasons,  it  is  expected  that  profits  are 
only  temporarily  diminished,  it  is  generally  expedient  to  continue 
working;  but  care  should  be  taken  to  provide  for  the  maintenance 
Deterioration  of  of  machinery  and  plant,  even  at  the  expense  of  stopping  interest 
See  page  Tio.       ^"^  dividends  altogether,  so  that  it  may  not  be  found  when  prices 

improve   that  the  machinery  is  worn  out,  and  a  fresh  capital  ex- 
penditure is   needed  to  reinstate  the  works.     But   if    it  be   found 
that  the  mine  approaches   exhaustion   or  the   lease  be  coming  to 
Sinking  fund,      an  end,  the   establishment   of  a   sinking  fund   becomes  necessary. 
See  pages  IS  &>  ZS9'    Mincs  are  examples  of  undertakings  which  by  their  very  nature  have 
The  wasting  value  Only  a  transient  or  wasting  value,  and   in  which,   therefore,  if  the 

capital  of  the  concern  is  to  be  preserved  intact,  everything  that 
will  be  irrecoverable  when  the  mine  is  exhausted  or  abandoned 
should   be   gradually   written    off    out   of    revenue.      Although     if 
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established  at  the  commencement,  a  small  annual  investment  or 
sinking  fund  will  accumulate  rapidly  in  a  term  of  years,  such  a 
symmetrical  arrangement  is  seldom  carried  out,  shareholders  gene- 
rally preferring  to  divide  profits  to  the  fullest  extent,  without  making 
provision  for  those  who  are  to  follow  them. 

The  profit  or  loss  of  mining  operations  obviously  depends  upon 
the  relation  which  the  expenses  of  obtaining  and  transporting  the 
mineral  bear  to  the  selling  price.  Gold  as  the  ultimate  universal 
standard  of  value  is  the  only  metal  that  does  not  fluctuate  in  price, 
except  indirectly  by  the  rise  and  fall  in  the  price  of  commodities,  and 
if  the  cost  of  getting  and  treating  gold  can  be  assured  within  moderate 
limits  of  variation,  the  results  are  certain.  But  with  all  other 
minerals  there  are  not  only  the  risks  incident  to  the  mining  and 
treatment  of  the  ore,  but  also  those  of  fluctuating  market  values. 
Sometimes,  as  in  the  case  of  coal  and  iron,  where  transport  forms  a 
large  proportion  of  the  total  expense,  the  available  market  may  be 
limited  to  a  certain  geographical  area,  and  the  selling  prices  may 
depend  entirely  on  the  local  demand  and  supply,  and  may  be 
effected  only  indirectly  and  to  a  moderate  extent  by  the  prices  in 
other  countries.  Even  in  the  case  of  the  more  valuable  minerals, 
import  duties  may  protect  the  miners  from  the  competition  of  other 
countries.  Indeed,  mines  are  sometimes  opened  out  and  worked  at 
a  cost  which  it  is  known  from  the  commencement  would  be  unprofit- 
able except  thus  protected.  But  generally  in  the  richer  metals,  such 
as  silver,  copper,  tin  or  lead,  the  selling  price  at  any  particular  time 
depends  on  the  current  prices  in  the  great  markets  of  the  world,  and 
mines  successful  in  all  other  respects  may  fail  because  of  the  de- 
preciation in  values  from  causes  quite  beyond  the  control  of  those 
affected.  As  there  must  be  a  continuous  increase  in  the  demand 
for  most  metals,  a  depreciation  in  values  when  it  occurs  is  mainly 
due  to  the  discovery  and  development  of  new. mines. 

Sometimes  an  increased  supply  is  due  to  the  discovery  of  minerals 
in  situations  and  under  conditions  which  allow  of  cheaper  working 
than  elsewhere,  and  also  to  the  invention  of  processes  which  reduce 
the  cost  of  treatment,  or  which  allow  the  working  of  ores  too  poor  for 
previous  methods,  or  which  have  been  thrown  aside  as  the  waste  pro- 
ducts of  some  other  kind  of  treatment.  On  the  other  hand,  while 
the  cost  of  getting  and  treating  the  mineral  may  remain  the  same, 
the  discovery  of  some  use  for  by-products  so  increases  the  total  net 
returns  as  to  allow  the  chief  or  staple  product  to  be  sold  at  a  lower 
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rate  than  formerly.  Those  mines  in  which  the  mineral  does  not  con- 
tain these  by-products,  or  where  the  skill  or  machinery  for  obtaining 
them  is  wanting,  or  where  there  is  no  use  or  market  for  them  if  ob- 
tained, cannot  compete  on  equal  terms  with  mines  more  favourably 
situated  in  these  respects.  The  fall  in  the  value  of  lead  owing  to  the 
development  of  silver-lead  mines,  where  the  lead  is  a  secondary  or 
by-product,  is  an  example. 

When  a  time  of  intense  competition  arises,  the  working  of  a  mine 
will  generally  be  continued  so  long  as  there  is  a  balance  of  profit, 
however  small,  and  it  may  even  be  expedient  to  continue  working  at 
a  slight  loss,  if  an  improvement  in  price  is  expected,  rather  than 
incur  the  greater  loss  and  deterioration  which  would  result  from  a 
stoppage.  A  reserve  of  working  capital  then  proves  useful,  as  the 
mineral  may  be  stored  till  prices  improve,  and  such  a  reserve  would 
be  provided  by  the  depreciation  or  sinking  fund  suggested  on  the 
preceding  page. 

Mines  may  pay  native  workers  who  are  content  with  small 
earnings,  and  yet  be  entirely  unremunerative  if  worked  on  a  large 
scale  with  large  capital  expenditure  and  costly  superintendence.  On 
the  other  hand,  mines  may  afford  profit  only  when  worked  on  a  large 
scale  with  expensive  plant  and  organisation.  Profitable  working 
often  then  depends  on  the  workable  area  of  the  deposits  and  the 
number  of  men  who  can  be  employed;  and  these  circumstances 
should  be  considered  with  reference  to  wide  and  thin  veins,  pockets 
and  other  formations.  Coal,  iron  and  pyrites  mines  can  seldom  be 
worked  profitably  except  on  a  large  scale.  Thin  veins  of  cobalt, 
argentiferous  copper  and  argentiferous  lead  may  often  be  very 
cheaply  worked. 

It  is  seldom  that  any  but  very  small  mines  are  worked  by  private 
persons  or  firms,  some  form  of  joint-stock  combination  being 
generally  deemed  preferable  by  those  who  invest  the  capital,  the 
speculative  nature  of  mining  rendering  a  limitation  of  risk  desirable. 
The  amount  of  share  capital  is  from  the  outset  a  matte.r  of  im- 
portance. Too  often  the  nominal  capital  is  unduly  large,  so  that 
earnings  which  would  be  remunerative  in  paying  interest  on  the  real 
costs  of  development  and  working  are  quite  insufficient  when  spread 
over  the  fictitious  value  assumed  for  the  purposes  of  promotion.  It 
Excessive  capital,   is  desirable  to  maintain  the  issued  capital  as  nearly  as  possible  at 

the  amount  actually  expended  on  the  operations ;  to  call  up  more 
capital  only  as  wanted  for  working,  and  to  Il^I  the  profits  of  those 
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who  have  any  other  claim  on  the  undertaking  come  after  a  fair  return 
has  been  made  to  those  who  have  actually  expended  money  on 
it.  Even  where  an  increase  of  capital  consists  in  large  measure  in 
"  deferred "  shares,  these  are  often  a  cause  of  difficulty  unless  the  Deferred  shares. 
control  is  in  the  hands  of  the  real  capitalists,  for  in  the  desire  to 
show  profits  large  enough  to  reach  such  deferred  shares,  insufficient 
provision  may  be  made  for  wear  and  tear  of  plant  or  for  liabilities 
not  immediately  apparent,  so  that  thereafter  more  capital  may  have 
to  be  called  up  for  renewals  or  for  other  obligations  properly  charge- 
able to  current  earnings.  The  abuses  which  have  led  to  the  ruin 
of  many  mining  ventures  might  be  averted  if  a  regular  audit  of  the  Auiit  of  accounts, 
accounts  and  reports  were  made  by  an  experienced  and  independent 
mining  engineer.  The  adoption  of  this  precaution  would  probably 
reveal  the  causes  of  much  superfluous  expense.  Directors  who  are 
not  experts  cannot  be  expected  to  appreciate  the  wide  differences 
which  exist  in  the  design  and  construction  of  mechanical  appliances, 
or  to  recognise  the  true  value  of  returns  and  accounts  concerning 
highly  technical  matters.  In  some  countries  a  regularly  qualified 
mining  accountant  or  other  expert  is  a  necessary  adjunct  to  a  mining  Mining 

board.  In  those  countries  the  common  excuse  that  the  directors 
have  been  misled  through  ignorance  of  technical  matters  is  conse- 
quently inadmissible  when  mines  have  failed  through  mismanage- 
ment or  fraud. 

Some  mines  are  worked  under  what  is  known  as  the  "  cost  book  "  Cost  book  system, 
system,  by  which  the  adventurers  or  group  of  persons  who  are 
working  the  mine,  instead  of  subscribing  at  the  outset  capital 
sufficient  for  the  total  estimated  expenditure,  meet  from  time  to  time 
to  examine  the  accounts  of  expenditure  and  receipts,  and  then  decide 
either  to  stop  further  outlay  or  to  proceed  and  pay  up  more  money 
or  divide  the  accrued  profit.  This  system  is  nominally  "  unlimited," 
but  is  really  controlled  by  the  associates,  a  partner  who  does  not 
wish  to  contribute  further,  having  the  alternative  of  surrendering  his 
share.  But  unless  the  accounts  are  on  each  occasion  brought  really 
up  to  date,  and  all  assets  and  liabilities  clearly  stated,  there  is  as 
much  room  for  mistake  as  with  an  ordinary  "  limited  liabiUty " 
company;  and  indeed  experience  goes  to  show  that  the  risks  of 
mining  are  greater  by  such  a  system. 

Coal  is  intrinsically  the  most  valuable  of  all  minerals,  for  it  is  not       Coai  mining, 
only  necessary  to  the  reduction  of  metals,  but,  as  the  chief  and  indeed 
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the  only  staple  fuel,  it  is,  as  potential  heat  force,  one  of  the  three 

sources  of  energy  which  are  the  only  substitutes  for  animal  power,  the 

other   two   being  wind-force  and   the  gravity-force  of  water.     The 

Where  profitable,    mining  of  coal  may  be  deemed  profitable  wherever  it  can  be  obtained 

of  such  a  quality  and  at  such  a  cost  as  to  compete  in  supplying  an 
existing  demand  with  coal  obtained  from  other  sources,  or  with  other 
kinds  of  fuel.  In  these  cases  the  risk  of  mining  would  lie  in  the  fall 
of  price  below  the  cost  of  production,  or  inadequacy  of  the  demand 
when  the  additional  supply  became  available.  The  creation  of  a  new 
demand  or  the  indirect  advantages  that  may  be  expected  from  the 
development  of  new  coal  mines,  such  as  the  smelting  of  minerals, 
useless  till  the  fuel  is  obtained,  or  the  cheapening  of  raihvay  working 
and  of  steam  navigation,  are  in  anticipation  speculative,  and  do  not 
always  repay  within  a  reasonable  time  those  who  have  embarked 
capital  in  the  coal-mining  venture.  In  such  cases  those  are  most 
likely  to  gain  who  have  a  share  in  both  profits,  that  is,  who  will 
benefit  by  a  cheap  supply  of  coal  as  well  as  in  the  anticipated  profits 
of  coal-mining. 

In  prospecting  for  coal,  those  countries  or  districts  which 
geologically  are  formed  of  rocks  older  than  the  coal-bearing  age  may 
be  altogether  excluded  from  the  search.  The  carboniferous  system, 
which  includes  the  coal-bearing  rocks,  is  well  known  to  geologists,  but 
the  strata  of  the  system — sandstone,  limestone,  shale,  and  coal — do  not 
lie  in  any  regular  order,  and  even  where  abundant  coal  has  been 
found  in  a  certain  district,  the  various  strata  are  subject  to  so  many 
faults  and  irregularities,  as  sometimes  to  render  inferences  as  to  the 
existence  of  profitable  seams  of  coal  in  the  immediate  neighbourhood 
uncertain.  Coal,  where  it  occurs,  is  generally  found  in  numerous 
seams  varying  in  position,  thickness,  and  quality,  and  these,  among 
other  circumstances,  determine  whether  the  coal  can  be  mined  to 
advantage.  Where  coal  is  abundant,  as  in  Great  Britain,  seams  less 
than  20  inches  thick  do  not  repay  the  cost  of  getting,  unless  the 
quality  be  of  a  special  kind,  or  unless  iron,  fire-clay,  or  other  minerals 
can  be  obtained  from  the  same  workings.  But  in  countries  where 
thinner  seams  are  found  near  the  surface,  or  where  the  competing 
supply  is  burdened  by  the  cost  of  carriage  or  other  expenses,  the 
coal  may  repay  the  cost  of  getting. 

There  is  no  precise  limit  of  depth  within  which  coal  may  be 
found,  or  within  which  it  can  be  mined  to  advantage.  In  Great 
Britain  coal  is  worked  to  dej)ths   as  great  as  2500  feet,  and  in  one 
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case  nearly  to  3000  feet,  and,  where  there  are  in  other  respects  no 
prohibitory  difficulties  shafts  could  be  sunk  and  the  coal  won  at 
greater  depths.  There  are  reasons  for  supposing  that  coal  measures 
exist  where  they  have  never  yet  been  reached.  The  great  heat  in 
deep  workings  is  an  impediment,  but  with  modem  systems  of  ven- 
tilation and  by  working  short  shifts  much  of  the  difficulty  may  be 
overcome.  Approximately  the  heat  increases  1°  Fahr.  for  every 
70  feet  of  depth. 

The  return  from  a  given  outlay  depends  greatly  as  in  other 
mining  operations  on  the  area  of  mineral  which  can  be  developed 
from  one  central  system  of  shafts  and  machinery,  and  where  the 
seams  are  at  a  considerable  depth,  large  capital  expenditure  may 
be  essential  to  success,  although  the  amount  of  pumping  does  not 
increase  with  the  depth.  Generally,  indeed,  the  deeper  the  pit  the 
drier  it  is.  Where  coal  lies  near  the  surface,  a  pair  of  shafts  may  be 
sunk  for  the  mining  of  only  a  few  acres  of  coal  \  but  in  the  case  of 
deep  shafts  a  thousand  acres  may  have  to  be  worked  from  one 
pair  of  shafts  in  order  to  justify  the  first  outlay.  For  in  modern 
collieries  where  economy  is  sought  by  a  large  daily  output,  there  are 
heavy  capital  expenses  beyond  the  mere  development  of  the  workings. 
Houses  for  workmen  and  extensive  workshops  may  have  to  be  built, 
railway  wagons  purchased,  and  other  subsidiary  expenses  incurred. 
To  bring  to  the  surface  and  despatch  2000  or  3000  tons  of  coal  a 
day,  the  disposition  of  the  underground  roads  to  allow  of  this  output, 
the  plant  for  the  speedy  loading  of  the  cages,  as  well  as  the  arrange- 
ment of  railways  on  the  surface  for  the  marshalling  and  loading  up  of 
wagons,  can  only  be  effected  by  a  large  expenditure  almost  wholly 
irrecoverable  when  the  colliery  ceases  working. 

If  ;^i  00,000  to  ^200,000  be  expended  on  works  and  plant 
in  the  opening  out  of  a  new  coalfield,  not  only  must  the  profit 
income  provide  a  remunerative  rate  of  interest  on  such  an  outlay, 
but  should  provide  for  the  re-imburseraent  of  the  capital  at  the  end 
of  the  term.  Where  the  mining  of  a  large  area  can  be  divided 
over  a  long  term  of  years,  the  setting  aside  annually  of  a  very 
small  part  of  the  profits  of  working  will  enable  a  sinking  fund  to  be 
established. 

The  labour,  expense,  and  risk  of  prospecting  for  coal  depend 
mainly  on  the  depth  to  which  the  trial  borings  must  be  made. 
Improved  boring  tools  of  various  kinds,  including  the  diamond  drill, 
have  greatly  facilitated  the  making  of  trial  borings  and  the  sampling 
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of  the  various  strata  pierced,  and  have  reduced  the  uncertainty  as  to 
the  cost  of  proving  the  ground  to  a  certain  depth.  The  easiest  cases 
are  of  course  those  where  the  presence  of  coal  is  well  known,  where 
it  crops  out  from  the  surface  or  has  been  already  found  at  moderate 
depths,  and  its  value  confirmed  by  the  successful  working  of  neigh- 
bouring collieries.  In  these  cases  it  is  only  necessary  to  ascertain 
that  the  coal  extends  over  a  sufficient  area  and  is  of  good  quality,  and 
then  to  regard  the  secondary  points,  such  as  the  terms  on  which 
permission  to  work  the  coal  may  be  obtained,  the  means  of  transport, 
and  whether  a  demand  exists  or  may  be  created  for  the  coal  when 
won.  In  Great  Britain  a  royalty  ranging  from  3^.  to  8</.  per  ton,  and 
in  a  few  cases  as  high  as  1 2//.  per  ton,  has  generally  to  be  paid  by 
those  who  mine  the  coal ;  but  occasionally  the  rates  are  still  higher, 
where  the  lessee  has  the  advantage  of  previous  expenditure  on  roads, 
shafts,  buildings  or  plant ;  or  where,  because  of  the  locality  or  quality 
of  the  coal,  there  are  peculiar  advantages.  A  royalty,  or  rent,  as  high 
as  2s.  6d.  has  sometimes  been  paid  under  such  favourable  conditions. 
Where  considerable  dead-rents  are  imposed,  the  burden  of  them 
presses  severely  on  the  lessee,  and  in  Great  Britain  sometimes  causes 
collieries  to  be  worked  to  their  full  capacity  in  times  of  depression 
when  the  coal  is  not  really  wanted,  in  order  to  pay  the  rent,  and  so 
the  depression  is  intensified. 

In  some  of  the  important  coalfields  of  the  world,  though  not  in 
England,  the  coal  can  be  got  and  brought  to  the  surface  at  a  cost  of 
less  than  3J.  per  ton,  so  that  if  capital  be  available  the  probabilities 
of  success  depend  on  the  other  points  mentioned  above.  The  cost 
at  a  shipping  port  of  the  best  Welsh  coal  ranged,  during  the  thirty 
years  ending  1896,  from  *]s.  6d,  to  iSj.  per  ton,  and  of  Newcastle 
coal  from  8j.  to  i6j.  per  ton,  the  actual  prices  of  both  kinds  having 
generally  been  between  9J.  and  12$'.  The  cost  of  sea  freight  has 
been  low  enough  to  allow  the  coal  to  be  carried  to  distant  countries, 
and  sold  more  cheaply  than  coal  from  nearer  sources,  or  even  than 
contiguous  coal  where  there  are  difficulties  of  transport.  But  the 
construction  of  railways,  the  improvement  of  navigable  rivers,  and 
other  means  of  transport,  are  in  many  countries  entirely  altering  the 
conditions  of  the  coal  trade  ;  and  in  Japan,  India,  and  Australia,  the 
native  coal  is  rapidly  superseding  the  imported  coal  in  the  neighbour- 
ing countries  within  reach  of  the  new  supply ;  and  the  same  change 
will  eventually  take  place  in  South  Africa  when  the  coal  deposits  are 
further  developed.     On  the  eastern  coast  of  the  American  continent 
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the  coalfields  of  Virginia  and  Alabama  had  in  1895  already  begun  to 

compete  with  British  coal,  and  the  Panama  Canal  or  Nicaragua  Canal    American  coal. 

will,  if  ever  finished,  admit  the  American  coal  to  the  western  coast. 

But  cheap  sea  transport  does  not  depend  merely  on  distance,  but 

also  on  return   freights,  and  in   this   respect   Great   Britain,  which 

freely  imports  foreign  products,  has  an  advantage.     The  coalfields 

of  China  are  equalled  in  extent  only  by  those  of  the  United  States, 

and  in  a  more  distant  future  will  have  equal  effect  on  the  commerce 

and  manufactures  of  the   world.     Coal  from  Japan  and  Formosa 

is  already  exported  to  the  Chinese  mainland. 

In  the  mining  of  coal  there  are  circumstances  which  differ  from 
those  usual  in  the  mining  for  other  minerals.  There  are  advantages 
and  drawbacks  attending  the  opening  out  of  drifts  from  the  sides  of  Drift  mining, 
hills  as  compared  with  vertical  shafts  from  which  in  each  seam  the 
galleries  radiate,  but  it  is  seldom  that  mines  can  be  developed  to 
their  full  extent  without  vertical  shafts.  Trial  borings  are  necessary 
not  only  to  the  mere  finding  of  coal,  but"  the  opening  and  laying-out 
of  a  colliery  can  seldom  be  undertaken  with  advantage  without  pre- 
liminary examination  of  the  character  of  the  strata  so  as  to  ascer- 
tain the  number  and  nature  of  the  seams,  and  how  they  can  be  best  Number  of  seams, 
approached  and  developed.  Colliery  shafts  are  generally  larger  and 
more  expensive  than  for  other  minerals,  one  shaft  having  to  serve  One  shaft  serves 

-     .  ,  ,  *.        ,  ^       t  •  r         1         1  ***'■  various  seams. 

for  several  seams  and  for  the  passage  of  a  larger  quantity  of  coal  ana 
waste  than  is  required  for  the  more  valuable  minerals.  Circular  shafts 
of  from  12  to  15  feet  diameter  have  been  usual  in  England,  but  where 
an  output  of  2000  tons  or  upwards  per  day  from  a  considerable  depth 
has  to  be  provided  for,  larger  shafts  of  from  18  to  20  feet  diameter 
are  sometimes  made.  Such  shafts  have  to  allow  for  the  double 
framing  of  the  ascending  or  descending  cages,  and  for  the  pipes  and 
accessories  of  the  pumps. 

Owing  to  the  variety  of  the  strata  through  which  colliery  shafts 
have  to  pass,  and  to  their  depth  also,  water  is  almost  always  en- 
countered, frequently  rendering  the  lining  or  "  tubbing  "  of  the  shafts 
necessary,  as  well  as  pumping  machinery.   The  gases  emanating  from    Explosive  gas. 
the  coal,  and  released  during  the  getting  of  it,  as  well  as  the  fine  coal    "^'^  aUopagt  531. 
dust  which  is  so  inflammable,  also  render  necessary  more  elaborate 
precautions  for  ventilation  than  in  the  case  of  other  minerals.     In      Ventilation. 
Great  Britain  the  laws  enacted  for  the  safety  and  in  the  interests  of 
the  miners  enhance  the  cost  of  getting  coal.     Such  laws  are  those        set  page  9, 
which  require  duplicate  shafts,  mechanical  safeguards,  and  special 
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systems  of  ventilation,  restrictions  as  to  the  labour  of  women  and 
children,  and  prohibition  of  the  truck  system,  which  in  many  countries 
adds  greatly  to  the  gains  of  the  mine  owners. 

Coal  varies  in  specific  gravity  from    i"25  to  i'33,  or  in  other 
words  is  i\  to  \\  times  as  heavy  as  an  equal  bulk  of  water.     The 
weight  in  proportion  to  its  bulk  is  sometimes  a  matter  of  consequence 
in  the  shipment  and  stowage  of  coal.     A  cubic  yard  of  coal  weighs 
from  2100  lbs.  to  2300  lbs.,  and  coal  may  be  reckoned  roughly  as 
weighing  one  ton   per  yard.     A  seam   one  yard  thick  will  contain 
4840  tons  per  acre,  or  3,097,600  tons  per  square  mile.     As,  however, 
coal  seams  are  more  or  less  broken  up  by  faults,  and  a  greater  or  less 
quantity  must  be  sacrificed  to  the  necessities  of  mining,  the  above 
quantities  cannot  be  reckoned  on.     Thus  there  are  the  pillars  of  coal 
that  must  be  left  to  sustain  the  roof  of  the  workings,  though  in  this 
respect  much  depends  on  the  kind  and  cost  of  timber  available  for 
the  same  purpose.     In  Great  Britain  oak  and  larch  are  used  for  mine 
props,  and  there  is  a  considerable   importation  of  pit  timber  from 
Scandinavia.     Steel  joists  are  sometimes  utilised   for   this   purpose. 
Barriers  or  walls  of  coal  are  often  necessary  for  ventilating  purposes 
between  different  workings,  or  between  different  properties,  for  pre- 
venting the  influx  of  water,  and  there  is  the  very  considerable  waste 
of  small  coal  in  the  getting,  and  the  low  price  obtained  for  the  small 
coal  when  sold.     For  these  various  reasons  only  from  two-thirds  to 
four-fifths  of  the  nominal  quantity  can  be  reckoned  on.  as  a   net 
product.     The  increased  wages  of  colliers  and  the  restrictions  of  the 
Mines  Regulation  Act  have  in  Great  Britain  greatly  stimulated  the 
invention  of  labour-saving  processes.     Machine   drills  and   cutting 
tools  have  reduced  the  cost  of  getting,  and  by  deep  under-cutting 
coal  may  be  removed  with  less  use  of  explosives  than   formerly. 
The  transmission  by  electricity  of  power  generated  on  the  surface 
has  been  introduced  with  great  advantage  for  the  hauling  of  wagons, 
pumping,  coal-cutting  and  other  operations.     Oil  engines  are  also 
successfully  applied  to  these  purposes,  where  electricity  is  not  con- 
veniently available,  and  where  the  power  needed  does  not  exceed 
10  horse-power. 

The  cost  of  transporting  coal  may  be  divided  into  two  main 
items,  the  interest  on  the  capital  expenditure  for  providing  means, 
and  then  the  cost  of  conveying  the  coal,  including  of  course  in  the 
latter  the  expenses  of  maintaining  the  plant  in  working  order.  In 
Great  Britain  the  charge  made  by  the  railway  companies  is  about 
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three-fourths  of  a  penny  per  ton  per  mile,  though  in  the  longer 

distances  the  rates  may  lessen  because  the  terminal  charges  bear  a 

less  proportion  to  the  general  expense.     In  Great  Britain  the  coal  is  Transport  of  coal. 

generally  conveyed  in  the  colliery  wagons  or  in  those  of  the  buyers,  ^^'P^^s"  533  ^  727. 

although  some  railway  companies  prefer  to  use  their  own  wagons. 

While  in  Great  Britain  the  cost  of  railway  carriage  is  not  less  than 

a  half-penny  per  ton  per  mile,  in  the  United  States,  owing  to  the 

cheaper  railroads  and  to  State  subsidies  in  land  and  money,  the  cost 

is  in  some  cases  as  low  as  one-third  of  a  penny  per  mile  for  long 

distances. 

Water  carriage  is  much  cheaper  than  railway  carriage.  In  Great 
Britain  the  canals,  though  they  do  not  convey  coal  long  distances, 
have  considerable  effect  in  restricting  the  railway  charges  when  they 
come  into  competition,  and  the  effect  of  sea  carriage  is  still  greater. 
Coal  is  brought  from  Newcastle  to  London  by  steamer  300  miles 
for  from  3J.  6d.  to  4?.  per  ton ;  from  Cardiff  and  other  Bristol 
Channel  ports  to  the  Mediterranean  for  from  yj.  to  11s,  per  ton ; 
from  British  ports  to  Bombay  by  steamer  from  13^".  to  15^.  per  ton  ; 
and  to  Brazil  by  sailing  vessel  for  from  15^^.  to  20s,  per  ton.  All 
these  rates  depend  largely  on  the  return  freights  which  are  available. 
Perhaps  the  cheapest  water  carriage  is  that  from  Pittsburgh  to  New 
Orleans  by  the  Ohio  and  Mississippi  rivers,  the  coal  being  taken  in 
groups*  of  barges  or  rafts  in  quantities  of  20,000  tons  for  less  than 
2 J",  per  ton  for  the  whole  distance  of  1500  miles. 

The  following  are  the  points  which  must  be  taken  into  account  in 
deciding  upon  any  coal-mining  enterprise  : — 

1.  Evidence  as  to  the  presence  of  coal  having  been  obtained,  the 
position,  extent,  and  Thickness  of  the  seams  must  be  ascertained.  If 
coal  has  been  discovered  within  easy  reach,  the  operations  of 
working  may  in  due  course  sufficiently  disclose  the  above  points  and 
the  value  of  the  coal,  but  if  considerable  expenditure  is  proposed, 
such  as  for  elaborate  plant  or  the  construction  of  railways,  it  is 
expedient  to  first  ascertain  the  position  and  character  of  the  seams, 
the  likelihood  of  excessive  water  or  other  obstruction,  and  to  settle 
some  well-defined  mode  of  working. 

2.  The  Terms  on  which  the  mining  will  be  permitted,  the  tenure  Tenure  of  mine, 
under  which  the  land  or  minerals  can  be  held,  and  the  dues  or  taxes       Seepage  344. 
which  will  be  payable. 

3.  The  Kind  and  quality  of  t/ie  Coal,  as  shown  by  its  specific   Quality  of  coal, 
gravity,  its  hardness  and   texture,  and   by  an   analysis  giving  the 
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valuable  as  well  as  the  useless  and  deleterious  constituents,  the 
evaporative  powers  of  the  coal,  and  the  quantity  of  ash  left  after 
burning.  The  suitability  of  the  coal  for  use  as  steam-engine  fuel  as 
well  as  for  metallurgical  purposes,  depends  on  these  points  and  (for 
use  in  smelting)  also  on  the  quality  of  the  coke  that  can  be  made 
from  the  coal.  The  various  kinds  of  coal,  the  chief  purposes  to 
which  each  kind  is  applied,  the  measure  of  quality  which  in  each 
kind  determines  value,  and  the  incidents  of  shipment  and  stowage, 
are  referred  to  fully  in  another  chapter. 

4.  The  existing  or  anticipated  Outkt  for  the  sale  of  the  coal, 
namely,  for  what  purposes  it  is  likely  to  be  used,  the  probable  extent 
of  the  demand,  and  the  quality  and  price  of  competing  coal. 

5.  Information  concerning  the  Cost  of  labour^  pit  timber,  building 
materials  and  means  of  Transport  available. 


Copper  mining.  CoPPER  has  three  main  uses  :  first,  in  the  form  of  sheets,  bolts, 

or  nails  for  purposes  where  iron  is  objectionable  because  oxidative ; 

Uses  of  copper,    secondly,  for  the  innumerable  alloys  of  brass,  bronze  and  gun-metal ; 

and  thirdly,  generally  in  the  form  of  wire,  as  an  electrical  conductor. 
It  is  owing  to  the  enormous  consumption  of  copper  for  telegraph, 
telephone  and  transmission  purposes,  that  prices  have  been  maintained 
since  1890.  For  such  electrical  uses  the  purity  of  the  metal  is  of 
Purity  imporumt.  the  utmost  importance.  A  mere  trace  of  arsenic  reduces  the  con- 
ductivity of  copper  by  nearly  one-half,  and  antimony,  arsenic,  phos- 
phorus, nickel,  or  cobalt,  in  quantities  even  less  than  tdVtf^^  P^^j 
alters  materially  the  commercial  value  for  brass  alloys.  It  is  accord- 
ing to  the  differences  in  these  respects  that  copper  is  classed  as  "  best 
selected,"  "  tough  ingot,"  and  by  other  designations.  Copper  can, 
like  gold  or  silver,  be  deposited  as  a  film  or  coating  by  means  of  an 
electric  battery.  In  prospecting  for  copper,  the  presence  of  the 
mineral  may  be  proved  in  a  simple  manner  by  chemicals  or  by  the 
blowpipe,  and  the  exact  composition  of  the  mineral  by  careful 
analysis  ;  but  whether  it  is  likely  to  be  obtained  in  paying  quantities 
can  seldom  be  ascertained  without  considerable  investigation  and 
expense.  The  different  kinds  of  copper  ore  may  be  broadly  classed 
as  follows  : — 

I.  Native  copper^  as  found  in  Chili,  South  Australia,  and  Lake 
Superior.  The  mineral  which  is  found  in  veinstone  in  proportions 
ranging  from  i  to  5  per  cent.,  is  obtained  by  the  ordinary  mining 
operations  of  excavating  and  blasting,  the  mineral  being  separated 
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from  the  rock  by  crushing  and  washing  processes.      The  mineral 

when  thus  separated  contains  from  50  to  90  per  cent,  of  pure  cop-     Percenuee  of 

per,  according  to  the  thoroughness  of  the  dressing.      In  the  Lake  «<>??««•• 

Superior  mines  the  average  percentage  of  copper  in  the  rock  or 

veinstone   seldom   exceeds  2    per  cent.,  but  the   dressed   product 

averages  about  80  per  cent,  of  pure  copper.     Occasionally,  however, 

in  this  district  the  copper  is  concentrated  in  masses  of  from  a  few  Masses  of  copper. 

pounds  to  hundreds  of  tons.     These  masses,  when  disengaged  from 

the  surrounding  rock,  are  too  pure  and  tough  to  be  crushed  by 

ordinary  processes,  and  the  great  expense  of  cutting  the  copper 

into  manageable  pieces  goes  far  to  neutralise  its  apparent  value ; 

indeed,  it  is  found  that  veinstone  of  regular  quality  containing  from 

I  to  3  per  cent,  of  copper  can  be  treated  to  greater  advantage. 

Veinstone  containing  less  than  i  per  cent,  of  native  copper  can  only   Purity  of  native 

be  worked  profitably  when  copper  ingots  are  worth  more  than  ^40 

per   ton.      Native   copper,  when   mechanically  separated  from  the 

veinstone,  is  free  from  the  injurious  ingredients  that  are  found  in 

other  kinds  of  copper  ore,  and  therefore  can  be  immediately  melted 

and  manufactured  into  sheets,  wire,  and  other  useful  forms,  and  such 

copper  is  especially  suited  for  electrical  purposes. 

2.  Quartz^  containing  20  to  30  per  cent,  of  copper  in  the  form  of         Quartz, 
oxide  and  carbonate  mixed  with  sulphuret. 

3.  Copper  Pyrites^  containing  from  5  to  25  parts  of  copper  with 
sulphur  and  iron. 

4.  Cupreous  Pyrites^  containing  about  48  per  cent,  of  sulphur  and 
from  3  to  5  per  cent,  of  copper  and  iron. 

Nine-tenths  of  the  world's  production  is  found  in  one  or  other  of 
the  forms  above  enumerated ;  but  there  are  other  varieties  in  the  other  varieties  of 
copper-bearing  rocks,  the  chemical  effect  of  contiguous  minerals,  of 
water,  and  other  causes  in  past  ages  producing  an  infinite  number 
of  combinations.     There  is  generally  nothing  peculiar  in  the  mining 
operation  for  copper,  the  speculative  element  in  this  stage  of  opera- 
tions being  the  proportion  of  sufficiently  rich  minerals  which  can  be 
obtained  from  a  certain  amount  of  excavation.  •  The  processes  of     Processes  of 
extracting  copper  from  the  various  ores  differ  widely,  but  have  for 
their  common  object  the  liberation  of  the  copper  not  only  from  earthy 
matter  but  (except  the  pure  native  copper)  from  arsenic,  antimony, 
sulphur,  oxygen,  and  iron.     Stamping,  washing,  roasting  or  calcining, 
melting,  re-melting  and  refining,  are  the  processes,  but  the  methods     Methods,  how 
not  only  var}'  according  to  the  nature  of  the  ore,  the  fuel,  and  other 


366  Mathesms  Aid  Book.  [Chap.  XV. 

local  facilities  available,  but  also  with  the  object  in  view,  namely, 
whether  the  obtaining  of  the  copper  is  the  chief  or  only  object,  or 
whether  the  other  ingredients  are  to  be  saved.  The  cost  of  all  these 
processes  was  greatly  reduced  in  the  years  following  1870  in  some 
Cost  of  stamping  of  the  Lake  Superior  mines  ;  for  instance,  the  stamping  and  washing 

and  washinfl'  *?  *j 

of  the  ore,  which  prior  to  that  date  cost  $5. J  per  ton,  having  been 
reduced  to  less  than  $1  in  1885,  and  the  total  expenses  in  producing 
refined  copper  having  been  reduced  from  7^.  to  4//.  per  lb. 

Sulphur  fumes.  In  the  Calcining  and  smelting  of  copper  ore,  sulphurous  fumes 

are  released  w^hich   are   poisonous   to   vegetation.     In   the   case  of 

Sulphuric  acid,  pyrites,  when  the  making  of  sulphuric  acid  is  the  first  object  in  view. 
See  page  2,^1.  thcse  fumes  are  condensed  in  properly  prepared  chambers  and 
saved;  and  in  cases  where  no  regard  is  had  to  the  value  of  the 
sulphur,  the  nuisance  of  the  fumes  may  be  minimised  by  taking  them 
through  long  and  specially  prepared  flues  in  which  much  of  the 
vapour  is  condensed,  and  by  building  high  chimneys  for  the  final 
discharge  into  the  atmosphere.  The  latter  precaution  is  always 
demanded  where  copper  works  are  situated  near  towns. 

SmaU  operations         Copper  mining  is  not  often  carried  on  profitably  on  a  small  scale, 

nor,  except  under  special  and  rare  conditions,  can  the  smelting  and 
refining,  considerable  capital  being  needed  to  construct  proper  works 
for  the  treatment  of  the  ore.     If,  however,  the  mineral  is  so  rich  in 

Transport  of  ore  copper  as  to  bear  the  cost  of  transport,  there  need  be  no  other  treat- 

or  sme  m  .      j^^j^^  ^^  ^^  mines  than  the  selection  of  ore  of  spfllicient  quality  and 

then  selling  it  to  smelters  or  others.     In  some  cases  a  medium  course 

Ore  calcined  and  Is  adopted  ;  the  Ore,  if  it  is  rich,  being  calcined  and  smelted  so  as  to 

get  rid  of  most  of  what  is  deemed  worthless,  thus  concentrating  the 
mineral  into  a  regulus  or  matte,  containing  30  to  50  per  cent,  of 
copper,  on  which  the   cost   of  carriage  bears  less  hardly.     At   the 

Central  woiks  at  central  coppcr  works,  of  which  those  at  Swansea  are  the  principal 
^  example,  ores  of  many  different  kinds  are  received,  the  variety  afford- 

ing certain  advantages  in  mixing  which  no  one  kind  possesses.  One 
principal  difference  in  the  ores  treated  is  the  abundance  or  otherwise 
of  sulphur  contained  in  them,  and  very  elaborate  processes  are  adopted 
by  which  various  other  valuable  by-products  are  saved,  gold,  silver, 
and  arsenic  being  the  principal. 
Copper  pyrites.  The  extraction  of  copper  from  pyrites  is  associated  so  closely  with 

the  trade  in  sulphur  that  the  two  are  to  some  extent  interdependent, 
and  cannot  well  be  considered  separately.  As  has  been  mentioned, 
the  earlier  processes  of  calcining  and  smelting  release  the  sulphur  in 


Part  I.] 


Copper  Mining. 


367 


the  ore ;  and  the  manufacture  of  sulphuric  acid,  by  condensing  the 
fumes  in  chambers,  is  one  of  the  most  extensive  branches  of  the 
chemical  trades.  Formerly  the  acid  was  made  from  brimstone, 
which  is  discovered  in  an  almost  pure  state  in  various  parts  of  the 
world,  the  volcanic  sulphur  of  Sicily  being  the  principal  source  of 
supply.  The  price  of  Sicily  brimstone  has  fluctuated  greatly;  for 
instance,  the  price  of  the  quality  known  as  "  best  thirds,"  which  is 
that  most  in  use,  ranged  during  the  forty  years  ending  1896  from 
jQ2>  lo-^*  to  J[il  lo-f'  per  ton.  The  exact  price  at  any  particular 
time  is  deterniined  more  by  the  rates  of  sea  carriage  than  by  altera- 
tions of  value  at  the  mines.  Formerly  about  half  the  product  of  the 
mines  was  imported  into  England,  where  by  refining  processes  it 
is  manufactured  into  flowers  of  sulphur,  roll  sulphur,  and  other 
marketable  forms,  as  used  in  drugs,  for  making  gunpowder  and 
lucifer  matches,  for  dressing  vines  or  hops,  and  for  various  other 
purposes.  Now,  however,  a  much  less  proportion  finds  its  way  to 
England,  for  the  manufacture  of  sulphuric  acid  from  brimstone  or 
native  sulphur  has  very  greatly  decreased,  as  it  can  be  made  much 
more  cheaply  from  pyrites.  At  the  various  chemical  w^orks  estab- 
lished in  the  Newcastle,  Liverpool  and  London  districts,  and  at 
various  places  on  the  Continent,  the  pyrites  are  first  sold  to  those 
interested  only  in  the  sulphur  they  contain,  the  numerous  alkali  and 
other  works  requiring  sulphuric  acid  in  large  quantities.  The  residue 
or  roasted  ore,  after  the  sulphur  is  extracted,  is  then  sold  to  the 
copper  extractors,  who  indeed  are  sometimes  the  original  importers 
of  the  ore,  who  have  sold  it  with  the  proviso  that  it  shall  be  returned 
to  them.  The  Spanish  ores  contain,  besides  the  copper,  a  large 
quantity  of  iron,  which  is  useful  as  a  flux  to  mix  with  silicious  copper 
ores ;  and  the  final  iron  residue,  known  as  bluebilly,  or  purple  ore,  is 
purchased  by  iron  smelters,  who  find  that  it  can  be  mixed  advantage- 
ously in  the  furnace  with  other  kinds  of  iron  ore.  The  trade  in 
pyrites  is  mainly  in  the  hands  of  a  few  large  mine  owners,  who  often 
make  contracts  over  long  periods.  In  the  twenty  years  ending  1888 
there  was  a  considerable  fall  in  value,  so  that  while  pyrites  containing 
from  47  to  49  per  cent,  of  sulphur  sold  in  1875  for  about  dd,  per  unit 
of  sulphur  per  ton,  this  unit  price  had  fallen  to  4^.  in  1888,  and 
varied  little  from  this  price  during  the  following  years.  At  this  rate 
the  value  of  a  ton  of  sulphur  in  pyrites  was  jT^i  13J.  4//. 

The  cost  and  market  value  of  sulphuric  acid  fell  greatly  during 
the  same  period,  not  only  by  the  increased  and  cheaper  supply  of 
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pyrites,  but  by  various  improvements  in  the  methods  of  manufacture 
and  the  lessened  expense  of  nitre,  and  the  value  of  various  other 
products  in  which  the  acid  is  used,  such  as  alkalies,  superphosphate 
and  manures,  having  fallen  also. 

Pyrites  treated  While  large  quantities  of  pyrites  are  brought  to  England  and 

treated  first  for  the  sulphuric  acid  and  then  for  the  copper,  a  much 
larger  quantity  is  treated  at  the  mines  for  copper  only.  At  the  well- 
known  Tharsis  mines  in  Spain,  the  more  extensive  Rio  Tinto  mines 
there,  and  other  similar  but  smaller  mines  in  the  same  locality,  the 
ore  contains  about  48  per  cent,  of  sulphur  and  little  over  3  per  cent, 
of  copper.  As  water  from  mines  of  pyritic  copper  ores  yields  metallic 
copper  by  precipitation  on  iron,  so  by  the  same  principle  the  metal 
is  obtained  from  cupreous  pyrites.  Up  till  about  the  year  1890  the 
calcining  of  the  ore  was  deemed  a  necessary  preliminary,  the  sul- 
phurous fumes  being  entirely  wasted  with  destructive  effect  on  the 
Lixiviation  of  surrounding  vegetation.  The  residual  ore  is  then  lixiviated  or  washed 
copper  o  .  ^.jj  ^^  greater  part  of  the  soluble  copper  is  extracted,  four  or  five 
years  being  occupied  by  this  process.  It  has  been  found,  however, 
that  while,  by  calcining  the  ore,  the  earlier  stages  of  this  long  opera- 
tion are  expedited,  it  does  not  greatly  reduce  the  total  period,  and  in 
1897  it  was  becoming  usual  to  merely  expose  the  ore  to  the  weather- 
ing action  of  the  atmosphere  during  the  washing  process.  The 
copper  contained  in  the  liquor  thus  obtained  is  precipitated  in  large 

Copper  deposited  tanks  in  which  pig  or  scrap  iron  has  been  placed,  and  the  copper  is 
on  iron.  deposited  on  the  iron,  from  which  it  is  finally  separated  by  washing 
and  rocking.  The  precipitate  contains  about  70  per  cent,  of  copper, 
from  which  pure  metallic  copper  is  obtained  by  melting  and  refining 
processes.  By  improvements  in  the  above  process,  pyrites  containing 
only  2\  per  cent,  of  copper  can  be  profitably  treated. 

Value  of  mines,  In  considering  the  value  of  any  new  copper  mines,  the  leading 

how  determined.  j    ^i  t     «  m*  •  /■  /-  « 

pomts  that  determme  value  and  the  probabilities  of  profit  may  be 
summarised  as  follows.  The  Kind  of  the  ore  as  shown  by  careful 
analysis ;  the  Cost  at  which  the  ore  can  be  brought  to  the  surface, 
and  if  its  kind  require  it  separated  mechanically  from  other  sub- 
stances ;  the  kind,  abundance,  and  cost  of  Fuel ;  the  nature  and 
abundance  of  the  Water  supply ;  the  cost  of  Carriage  to  a  port  and 
the  freight  to  a  market.  If  the  calcining  or  smelting  of  the  ore  is  in 
question,  the  likelihood  of  objection  on  the  score  of  nuisance  has 
also  to  be  considered.  If  the  manufacture  of  copper  from  pyrites  by 
the  precipitation  process  is  contemplated,  then  the  cost  and  abundance 
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of  the  water  supply  become  more  important,  as  well  as  the  cost  of 
pig  iron  or  scrap  iron. 

Some  of  the  inventions  for  treating  pyrites  ore  have  been  directed 
towards  a  reduction  in  the  amount  of  fuel  required  both  in  regard  to 
the  first  treatment  of  the  ore,  and  the  remelting  of  the  matte  or 
regulus.  Other  improvements  have  been  introduced,  but  even  when 
all  these  points  have  been  investigated,  there  yet  remains  one  which 
it  is  impossible  to  calculate  in  advance,  namely,  the  future  fluctuations 
in  the  market  price  of  copper.  In  the  ten  years  ending  1870,  leaving 
extreme  and  temporary  rates  out  of  question,  the  price  of  copper  in 
London  ranged  from  ^70  to  £^^0  per  ton.  But  the  product  from 
the  United  States  had  grown  from  5000  tons  in  i860  to  74,000  tons 
in  1885,  about  half  the  world's  supply  coming  from  the  United  States 
and  Chili.  In  1896  the  production  in  the  United  States  reached 
205,000  tons.  After  1880  the  opening  out  of  new  mines  in  various 
parts  of  the  world,  chiefly  in  the  United  States,  the  reduction  in  the 
cost  of  dressing  the  ore  in  the  American  mines,  and  the  supply  from 
the  pyrites  mines  in  Spain,  so  increased  the  supply,  that  notwith- 
standing a  growing  consumption,  prices  fell  in  1887  as  low  as  ;^39 
per  ton.  In  1888-9  ^  combination  of  European  capitalists  who 
controlled  the  production  and  sale,  forced  the  price  up  to  ;£'8o,  but 
there  was  a  collapse  in  1889  when  prices  fell  to  ;^38.  Between 
1890  and  1896  prices  fluctuated  between  ^38  and  ;£'6o.  There  are 
only  a  few  mines  in  the  world  that  can  produce  copper  at  J[^^o  per 
ton  ;  even  ;£'45  is  unremunerative  to  a  large  number ;  and  though  at 
Rio  Tinto,  copper  from  pyrites  could  probably  be  produced  without 
loss  for  ;;^3o,  the  process  is  an  unwieldy  one  and  cannot  be  suddenly 
accelerated  to  meet  an  increased  demand.  On  the  other  hand,  it 
would  appear  that  any  price  over  ;^55  per  ton  must  be  due  to 
artificial  and  temporary  conditions.  The  price  of  Chili  bars  was, 
prior  to  1889,  the  standard  of  market  value  at  any  particular  time, 
the  basis  for  this  standard  being  a  percentage  of  not  less  than  96  of 
copper,  namely,  rough  or  partly  refined  copper.  Bargains  being 
made  on  this  basis,  there  was  sometimes  the  anomaly  in  times  of 
speculation  that  such  bars  fetched  a  higher  value  than  other  equally 
good  kinds  of  copper.  Thus  in  1888  Chili  bars  being  scarce  were 
for  a  time  selling  for  ;;^  11  per  ton  more  than  other  kinds.  But  this 
anomaly  was  terminated  in  1890  by  the  recognition  in  the  London 
market  of  other  copper  under  the  title  G.M.B.  (good  merchantable 
brands)  of  equal  quality. 

2    B 
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Gold  has  a  value  based  on  the  normal  price  at  the  chief  mints  of 
the  world,  which  for  standard  gold  containing  one-twelfth  part  of 
copper,  or  "  22  carats  fine,"  is  j£^  ijs,  gd,  per  troy  ounce  of  20  dwts., 
each  dwt.  containing  24  grains.  On  this  basis  pure  gold  is  worth 
j£4  4f.  lo//.  per  troy  ounce,  and  when  in  an  assay  a  certain  weight 
of  gold  per  ton  of  ore  is  stated,  pure  gold  of  this  value  is  meant. 
Gold  nuggets  have  been  found  so  free  from  baser  constituents  as  to 
be  worth  ;^4  4s,  per  ounce,  but  generally  the  gold  as  it  leaves  the 
miner's  hands  has  still  some  slight  admixture  of  rocky  particles,  or 
the  metal  itself  is  slightly  alloyed  with  silver,  copper,  or  other  metals. 
Allowing  for  the  degrees  of  fineness  and  for  various  minor  expenses 
after  the  gold  leaves  the  hands  of  the  producer,  a  value  of  from 
j£^  10s.  to  ;^4  per  ounce,  according  to  the  trouble  bestowed  in 
dressing  the  ore,  expresses  broadly  the  price  obtainable  by  the  miner, 
and  forms  a  basis  for  calculating  the  expenditure  that  can  be  afforded 
to  obtain  a  certain  quantity.  At  the  value  of  ^4  per  ounce  a  grain 
of  gold  is  worth  exactly  2^.,  and  a  dwt.  is  worth  4s,  Gold  being  the 
almost  universal  standard  of  value,  has  alone  among  the  commodities 
of  the  world  an  invariable  money  equivalent,  the  effect  of  an  abundant 
or  diminished  supply  taking  effect  slowly  and  indirectly  in  the  altered 
purchasing  power  of  the  gold,  namely,  in  a  cheapening  or  enhancing 
of  prices.  So  far  as  can  be  arrived  at  from  the  most  trustworthy 
sources,  the  world's  annual  production  of  gold  in  the  years  from 
1880  to  1888  was  about  5  million  ounces  troy,  worth  about  21  millions 
sterling,  and  in  1894  the  value  had  increased  to  37  millions.  In  1889 
the  gold  mined  in  the  Witwatersrand  district  of  the  Transvaal  was 
208,000  ounces,  and  by  annual  increments  the  supply  from  this 
source  alone  had  risen  in  1896  to  2,281,900  ounces. 

Gold  is  always  found  native  in  a  metallic  state,  generally  diffused 
in  small  particles  in  the  rock  or  other  matrix  which  holds  it,  and 
frequently  in  combination  with  iron,  silver,  copper,  and  other  metals. 
Gold  is  softer  than  silver,  it  is  more  ductile  and  malleable  than 
any  other  metal,  it  is  yellow,  is  not  acted  on  by  nitric  acid,  is 
malleable  under  the  hammer,  and  cuts  with  a  knife  without 
crumbling. 

There  is  no  precise  limitation  of  the  rocks  or  soils  in  which  gold 
exists,  for  it  has  been  found  in  the  rocks  of  every  geological  period ; 
it  is  asserted  indeed  that  gold  exists  in  minute  quantities  in  all  kinds 
of  strata,  that  all  pyrites  afford  a  trace  of  gold  with  the  same  cer- 
tainty that  all  lead  contains  more  or  less  silver,  and  that  there  is  even 
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a  grain  of  gold  in  every' ton  of  sea  water.  Gold  is  usually  found  en- 
closed in  quartz  and  among  the  gravel,  sand  and  other  alluvial 
detritus  forming  the  beds  of  existing  or  ancient  rivers  that  have 
brought  the  gold  from  its  original  source  in  the  rocks.  In  New 
Zealand  and  South  Africa  the  gold  is  found  in  a  hard  conglomerate 
or  natural  concrete  composed  of  alluvial  deposits  so  compressed  and 
hardened  by  time  as  to  need  crushing  like  rock  before  the  separating 
processes.  Probably  95  per  cent,  of  the  gold  supply  of  the  world  is 
obtained  from  the  above-named  sources. 

Gold  is  by  some  supposed  to  grow  in  an  unaccountable  way. 
Districts  and  deposits  which  were  supposed  to  have  been  exhausted 
have  in  the  course  of  years  again  given  gold  in  remunerative  quan- 
tities. In  many  formations  the  particles  of  gold  are  so  minute  as  to 
be  invisible,  and  these  in  time  are  carried  by  percolating  water  until 
combining  they  become  visible.  From  one  or  other  of  these  causes 
the  idea  arises  that  gold  is  constantly  in  course  of  formation. 

Gold  is  recovered  in  various  ways,  which,  however,  may  be  broadly 
divided  into  two  categories. 

I  St.  The  Placer  mining,  or  the  washing  of  gold  from  alluvial 
deposits,  beginning  with  the  simpler  methods  of  pan  and  cradle,  and 
elaborated  in  more  extensive  operations  of  sluicing,  hydraulicking  and 
drift  mining. 

2nd.  Rock  mining  or  reefing,  when  the  ore  so  obtained  has  to  be 
crushed  to  liberate  the  confined  particles  to  prepare  them  for 
separation. 

Outside  these  two  categories  is  the  getting  of  gold  which  has  been 
smelted  from  the  ores  in  combination  with  silver,  copper,  and  other 
minerals. 

Most  of  the  great  discoveries  of  gold,  notably  those  of  Australia, 
California,  and  later  of  British  Columbia,  have  taken  place  on  similar 
lines.  First,  the  finding  of  rich  alluvial  deposits  which  give  good 
results  for  hand  working;  then,  as  these  deposits  get  poorer, 
machinery  is  brought  to  bear ;  and  finally,  as  the  difficulties  of  work- 
ing become  greater,  the  quantity  of  gold  obtained  from  a  given 
quantity  of  ore  compares  so  unfavourably  with  earlier  results,  that 
only  by  heavy  expenditure  on  powerful  appliances  and  extremely 
careful  treatment  of  enormous  quantities,  can  a  profit  be  obtained. 
This  description,  however,  does  not  apply  to  the  gold  mining  in  the 
Transvaal,  where  the  ore  has  been  of  a  uniform  though  moderate 
quality  from  the  commencement. 

2  B  2 
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Alluvial  gold  is  generally  sought  in  what  are  supposed  to  be  the 
bars,  hollows  and  bends  in  the  rivers*  courses,  where  particles  of 
gold  carried  along  by  the  water  would  naturally  subside  by  their 
weight.  Geological  knowledge  and  miners'  experience  allow  probable 
conclusions  as  to  the  locality  of  these  places  to  be  drawn  from 
surface  signs,  which  may  be  further  proved  by  examining  the 
stratification  of  prospecting  pits  in  these  favourable  places,  in  what 
may  have  been  the  course  of  an  ancient  water-course  long  since 
obliterated. 

Gold  weighs  about  twenty  times  its  bulk  of  water,  while  most  of 
the  gravel  and  other  substances  which  hold  it  have  a  specific  gravity 
ranging  from  three  to  five,  and  the  processes  of  separation  depend 
upon  this  difference  in  weight.  The  placer  miner,  who  works  by  the 
simple  plan  of  pan  and  cradle,  washes  the  auriferous  stuff,  and  gradu- 
ally eliminating  the  light  dirt,  finds  his  prize  at  the  bottom  of  the 
pan  or  cradle.  Occasionally  lumps  of  conglomerate  or  nuggets  are 
met  with,  mainly  composed  of  gold,  but  frequently  in  such  cases 
allied  with  small  proportions  of  silver  and  perhaps  copper. 

It  is  seldom  that  the  cost  of  gold  mining  can  be  brought  within 
profitable  limits,  except  by  the  aid  of  mechanical  appliances  on  a 
considerable  scale.  First,  for  the  getting  of  the  auriferous  gravel, 
excavating  and  hoisting  apparatus  of  various  kinds  may  be  necessary ; 
then  appliances  for  washing  and  amalgamating,  some  of  them  of 
an  elaborate  kind,  are  combined  with  long  sluices,  in  which  bars  or 
riffles  arrest  the  heavier  sediment  containing  gold  particles.  The  sepa- 
ration of  the  smaller  flakes  and  flour-like  particles  of  gold  is  assisted 
by  passing  the  wash-dirt  over  or  through  quicksilver,  at  various  stages 
of  the  washing  and  sluicing  processes,  the  amalgam  being  afterwards 
treated  in  furnaces  which  vaporise  the  mercury  and  leave  the  gold 
behind,  the  mercurial  vapours  being  condensed  and  saved  for  further 
use. 

The  nature  of  the  water-supply  goes  far  to  determine  the  cost  of 
these  operations,  the  subsidiary  expenses  of  pumps,  conduits,  flumes, 
dams,  and  other  apparatus  forming  often  a  large  proportion  of  the 
total  expenditure.  Where  the  water  is  not  sufficiently  plentiful  at  the 
place  where  the  gold  is  found,  it  is  generally  cheaper  to  convey  the 
water  to  the  wash  dirt  than  to  carry  the  latter  to  the  water,  but  when 
the  course  from  the  mine  is  directly  down  hill,  transport  may  gene- 
rally be  cheaply  arranged  by  constructing  a  self-acting  incline,  using 
the   gravity  force   of  the   ore  as   the   motive   power.     Where   the 
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auriferous  gravel  is  hard  or  the  percentage  of  gold  low,  mining 
ceases  to  be  remunerative,  unless  circumstances  are  favourable  to 
hydraulic  or  drift  mining. 

In  placer  mining,  where  the  average  result  falls  below  half  an 
ounce  of  gold  per  cubic  yard  of  gravel,  the  inducement  to  continue 
working  with  the  simpler  washing  pan  or  batea^  which  may  be  taken 
as  the  rudimentary  form  of  hand  labour,  soon  ceases,  the  precise 
point  depending  on  the  difficulties  of  obtaining  a  good  water-supply, 
and  the  standard  of  wages  in  the  locality.  In  California  it  has  been 
reckoned  as  an  approximate  average  that  placer  mining  by  pan  costs 
per  cubic  yard  of  gravel  the  equivalent  of  three  days'  wages  for  one 
man ;  that  by  the  use  of  the  cradle  the  cost  is  at  once  reduced  to 
three-fourths  of  a  day's  wages,  that  this  three-fourths  gradually 
lessens  to  one-fourth  of  a  day  as  the  larger  and  more  elaborate  "  long 
Tom  "  or  other  cradle  machines  are  used  ;  and  that  by  the  use  of  long 
sluices  and  by  hydraulicking  the  cost  per  yard  ranged  downwards 
from  i^.  to  3^.  per  cubic  yard  of  gravel  treated. 

Hydraulic  mining  or  "  hydraulicking "  is  the  application  of  jets 
of  water  at  high  pressure  to  the  scouring  away  of  gravel  or  other  gold- 
bearing  earths,  the  debris  then  being  directed  into  conduits  or 
sluices,  where  by  means  of  one  or  other  of  the  various  applications 
of  the  methods  already  referred  to,  the  gold  is  deposited  and  saved. 
Quicksilver  is  an  indispensable  adjunct;  it  is  run  into  the  sluice, 
where  it  seizes  on  and  amalgamates  with  the  gold  that  is  deposited 
on  the  block  bottom.  It  is,  however,  powerless  to  arrest  light 
floating  particles,  and  this  "  float-gold  "  constitutes  the  greatest  item 
of  loss  in  this  method  of  recovery.  Hydraulic  mining  was  at  one 
time  applied  widely  and  successfully  in  California,  where  it  was  for 
many  years  remunerative  under  a  combination  of  special  circumstances 
rarely  to  be  found.  The  principal  conditions  are  : — Abundant  water 
at  high  elevations,  and  alluvial  gold  deposits  at  a  level  between  that 
of  the  water  supply  and  the  tide,  so  that  there  is  a  downward  course 
available  for  "  dumping "  the  waste  or  tailings  after  the  water  is 
applied. 

The  works  connected  with  the  water-supply  are  so  expensive  as  in 
many  cases  to  form  the  subject  of  separate  undertakings.  I^rge 
impounding  reservoirs,  aqueducts,  lines  of  piping,  sometimes  more 
than  fifty  miles  in  length,  and  other  subsidiary  works  have  been 
found  necessary  to  the  supply  of  water,  which  is  then  sold  to  the 
miners  by  a  measure  of  quantity  known  as  the  "  miner's  inch."     This 
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is  the  quantity  of  water  which  will  pass  in  twenty-four  hours  through 
an  aperture  of  a  square  inch  under  a  six-inch  head  or  pressure,  and 
is  equal  to  2160  cubic  feet  or  12,960  gallons  of  water,  or  about  58 
tons  weight.  The  water  has  a  head  of  from  100  to  1500  feet,  equal 
to  a  pressure  of  from  40  to  600  lbs.  per  square  inch,  and  this  when 
applied  through  a  nozzle  like  that  of  a  fire  engine  but  much  larger, 
against  a  vertical  face  of  gravel,  tears  it  asunder,  and  the  disintegrated 
gravel  is  washed  down  the  sluices.  Water  is  generally  considered 
as  able  to  carry  with  it  one-fifth  its  weight  in  gravel.  As  much  as 
500  cubic  yards  of  water  has  been  used  for  every  cubic  yard  of 
gravel ;  but  notwithstanding  this,  profits  have  been  made  from 
deposits  affording  only  an  average  gold  value  of  4</.  per  cubic  yard. 
The  average  in  California  is  about  one  part  of  gold  to  twelve  million 
parts  of  gravel,  equivalent  to  a  lump  about  ^th  inch  cube  for  every 
cubic  yard.  Indeed,  in  cases  where  the  water  is  at  high  pressure  and 
cheaply  obtained,  the  gravel  easily  broken  up,  and  the  other  acces- 
sory conditions  favourable,  operations  have  been  continued  with  a 
return  as  low  as  3//.  per  yard.  In  California  the  success  of  hydraulic 
mining  was  due  not  only  to  these  favourable  conditions,  but  also  to 
the  circumstance  of  the  country  being  unpopulated,  no  riparian 
rights  and  vested  interests  existing  to  hinder  the  miners  in  utilising 
the  water-supply  as  they  pleased,  and  no  land  occupiers  below  to  be 
injured  by  the  tailings  from  the  sluices,  which  disfigured  and  destroyed 
the  surface  over  a  wide  area.  With  growth  of  population  and  the 
opposing  interests  of  agriculturists,  much  of  the  hydraulic  mining 
as  here  described  had  to  be  stopped  by  legislation.  In  New  Zealand 
and  elsewhere  these  difficulties  have  been  anticipated  by  the  granting 
of  mining  concessions,  accompanied  by  certain  specific  rights  in 
Sludge  channels,    the  river  lands  below  as  sludge  channels. 

Where  there  is  a  consideable  overburden  of  waste  soil  above  the 
gold-bearing  strata,  the  cost  of  scouring  away  the  upper  strata  seri- 
ously reduces  the  average  result,  and  it  is  sometimes  found  preferable 
to  proceed  by  drift  mining,  which  is  the  working  of  auriferous  gravel 
deposits  by  shafts,  adits  and  tunnels,  somewhat  as  in  coal  mining,  the 
gravel  being  obtained  by  pick  and  shovel,  and  then  dealt  with  by 
water  in  sluices,  as  in  the  after  processes  of  hydraulicking.  Where 
the  gravel  and  alluvial  deposits  have  hardened  into  a  natural  concrete 
or  conglomerate,  the  latter  may  require  blasting  to  win  it,  and  has 
sometimes  to  be  pulverised  by  stamps,  as  is  done  in  quartz  mining, 
though  not  so  finely.     While,  however,  in  hydraulicking  the  whole 
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thickness  of  the  gravel  is  dealt  with,  in  drift  mining  only  the  lower 
auriferous  part  of  the  gravel  is  generally  selected,  the  choice  of 
methods  depending  mainly  on  the  amount  of  waste  or  overburden, 
whether  it  is  firm,  or  so  soft  as  to  need  timber  supports  or  entire 
lining,  and,  if  so,  whether  timber  is  obtainable,  and  on  the  quantity 
and  pressure  of  the  available  water. 

It  is  characteristic  of  alluvial  gold  mining  by  all  the  processes 
here  described,  that  a  considerable  proportion  of  the  gold  is  lost ;  and 
although  in  extreme  cases  this  may  be  due  to  carelessness  rather  than 
to  incomplete  processes  or  appliances,  there  is  always  a  point,  to  be 
determined  by  the  experience  of  the  miner,  where  the  cost  of  further 
labour  ceases  to  yield  an  adequate  return.  Among  the  main  causes 
for  the  loss  of  gold  are  the  incomplete  breaking  up  of  the  gravel, 
there  often  being  large  lumps  which  remain  unbroken,  and  the  gold 
within  them  therefore  untouched,  and  the  "  float  gold  "  already  referred 
to.  Even  in  the  best  broken  stuff  some  of  the  precious  metal  is  in 
such  small  particles — flour  of  gold — as  to  be  undistinguishable  by  the 
eye,  and  a  portion  of  these  escape,  even  though  there  be  two  miles  of 
sluices  and  ample  under  currents.  Another  and  fruitful  source  of 
loss  is  where  the  gold  is  "  rusty  "  or  coated  with  some  substance  which 
prevents  the  quicksilver  acting  upon  it,  and  thus  allowing  considerable 
quantities  of  the  metal  to  pass  away  with  the  tailings. 

When  gravel,  rock,  or  lumpy  earth  of  any  kind  is  detached  from 

its  bed,  a  period  of  weathering  (a  year  or  more  if  possible),  which  is 

very  seldom  adopted,  will  so  increase  its  friability  as  to  assist  greatly 

the  disintegration  by  the   washing  processes.     In   the   sluices  also, 

where  large  quantities  of  stuff  are  dealt  with,  there  is  often  insuflli- 

cient  time  for  the  finer  gold   to   settle   or  amalgamate.     Even   in 

perfectly  still  water,  flour  of  gold  will  take  an  appreciable  time  to 

sink  a  few  inches,  and  in  the  flowing  water  of  a  sluice,  much  of  both 

flour  and  float  gold  are  liable  to  escape.     The   foregoing  remarks 

indicate  that  much  of  the  loss  of  gold  is  due  to  hasty  methods  of 

working.     Miners  are  disheartened  when  they  find  that  the  average 

yield  of  gold  is  30  to  60  p)er  cent,  less  than  pKjriodical  assays  disclose, 

and  a  careful  treatment  and  assay  of  the  tailings  will  prove  the  facts 

and  show  that  the  discrepancy  is  not  due  to  errors  or  mis-statements 

in  the  first  assays.     Not  only  do  Chinese  and  other  cheap  workers 

find  profit  from  the  tailings,  but  by  means  of  recent  improvements 

in   hydraulic   separation   and   other  mechanical  appliances,  capital 

and  skilled  enterprise  can  be  profitably  directed  to  them. 
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It  is  necessary,  when  estimating  in  advance  in  any  particular  case 
the  probable  results  of  placer  mining,  to  bear  in  mind  that  the  gold 
is  very  unequally  distributed,  and  that  samplings  taken  from  more 
numerous  places  must  be  examined  than  is  necessary  in  prospecting 
quartz  or  rock  veins ;  and  secondly,  that  an  exhaustive  assay  of 
collected  samples  is  certain  to  produce  more  gold  than  can  be  ob- 
tained in  practice  on  a  large  scale  by  any  remunerative  process.  For 
these  reasons,  placer  mining  is  uncertain  and  speculative,  and  although 
the  total  results  may  be  beneficial  to  the  country  where  the  discovery 
is  made,  yet  if  the  total  cost  of  labour  bestowed  on  it  were  measured 
in  wages,  the  result  would,  with  few  exceptions,  be  lower  than  that 
gained  by  the  ordinary  labour  of  the  country  at  the  time.  Still  the 
large  prizes  that  are  gained  by  the  fortunate  few  will  always  render 
placer  mining  attractive. 

The  second  category  of  gold  mining  referred  to  on  page  371  ; 
namely,  "  Rock  "  mining,  or  the  obtaining  of  gold  from  the  original 
veins,  differs  materially  from  the  placer  mining  just  described.  Gold 
can  seldom  be  profitably  obtained  from  quartz,  the  form  of  rock  in 
which  the  precious  metal  most  frequently  occurs,  except  on  a  consider- 
able scale.  It  follows,  therefore,  thatal  though  capital  may  be  judi- 
ciously expended  on  plant  and  machinery  when  the  real  facts  of  the 
case  are  known,  the  loss  is  the  greater  should  the  mine  prove  unprofit- 
able. P'or  this  reason  preliminary  exploration  is  especially  necessary  ; 
and  in  many  cases  a  little  more  time  spent  in  thorough  prospecting, 
and  a  comparatively  small  outlay  in  machinery  for  testing  the  ore 
will  solve  doubt  and  save  much  disappointment. 

The  cost  of  getting  obviously  depends,  as  in  the  case  of  other 
minerals,  on  the  depth  from  the  surface,  the  amount  of  waste  stuff  to 
be  removed,  obstruction  from  water,  cost  of  labour,  and  other  local 
incidents.  There  is  an  infinite  variety  of  auriferous  veins,  and 
although  the  science  of  mining  and  the  theories  of  metalliferous 
veins  based  on  varied  and  accumulated  experience  assist  greatly  in 
the  development  of  gold  mines,  and  although  in  certain  rocks  the 
absence  of  gold  may  be  positively  declared,  the  range  is  so  wide 
within  which  there  is  a  reasonable  possibility  of  gold,  that  the 
search  for  gold  will  always  be  speculative  and  uncertain.  In 
hundreds  of  miles  of  quartz  rock  there  may  only  be  a  few  dis- 
tricts in  which  gold  can  be  obtained  in  remunerative  quantities,  and 
these  can  only  be  ascertained  by  sampling,  that  is  to  say,  by  actually 
mining  and  assaying  the  rock.     The  auriferous  reefs  may  crop  out  on 
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the  surface,  and  extend  for  hundreds  of  feet  below  it,  or  the  surface 
indications,  as  in  some  parts  of  the  East  Indies  or  Brazil,  may  extend 
but  a  very  few  feet  down,  or  there  may  be  a  strong  vein  below  with- 
out any  surface  indications.  There  is  not  only  a  wide  difference  in 
the  cost  of  getting  the  ore  under  these  various  circumstances,  but  the  co«t  of  iretting 
great  imcertainty  as  to  the  extent  of  the  veins  renders  it  difficult  to 
judge  how  far  they  will  repay  the  cost  of  extensive  plant. 

For  these  reasons,  and  as  has  already  been  indicated,  prospecting    Proipectingr  in 
in  advance  should  always  precede  any  large  expenditure  on  plant. 
The  diamond  drill  offers  great  advantages  for  prospecting  in  rock    Diamond  drill, 
where  there  is  sufficient  water  supply  for  the  drill  and  the  ground  is       Stt^ge  822. 
not  too  irregular.     In  countries  like  Australia,  opened  out  for  the  first 
time  by  civilised  explorers,  there  are  only  natural  signs  to  guide  the 
search ;  while  in  India  and  other  Eastern  countries,  not  only  does 
tradition  point  to  certain  places  as  bearing  gold,  but  there  is  also  the 
evidence  of  ancient   workings.      Expenditure  at  such  places  is  en-  Ancient  workings, 
couraged  by  the  hope,  though  it  often  proves  fallacious,  that  modern       Seepagt-^^, 
appliances  may  allow  a  profit  unattainable    by   ancient  and  ruder 
methods,  or  that  deeper  excavations  may  expose  new  gold-bearing 
strata. 

It  is  impossible  to  fix  any  standard  as  to  what  amount  of  gold  will  varying  richness 
repay  the  cost  of  obtaining  it.  Many  of  the  richer  mines  of  the 
world,  in  Australia  and  elsewhere,  have  averaged  from  2  oz.  to 
10  oz.  per  ton  of  ore,  with  occasional  greater  prizes.  In  Victoria, 
Australia,  the  average  of  all  the  mines  in  the  colony  is  about  \  oz. 
per  ton  of  ore  treated,  while  in  some  parts  of  Victoria,  as  also 
in  America,  mines  continue   to   be   worked  at  a   profit  with  only    Cost  of  getting, 

.  --ii       how  determined. 

3  to  6  dvvts.  of  gold  per  ton.  The  cost  of  gettmg  varies  with  the 
depth,  the  hardness  of  the  rock,  the  amount  of  waste  to  be  removed, 
and  other  local  circumstances,  and  the  expense  of  crushing  the  ore  will 
in  some  cases  be  ten  times  what  it  is  in  others.  An  outlay  of  from 
loj.  to  ;£^io  per  ton  of  ore  are  limits  not  too  wide  for  the  great  variety 
of  circumstances  under  which  gold  mining  is  profitably  conducted 

Mines  worked  profitably  with  poor  ore  may  pay,  because  large  Poor  ore  may  pay 

,  ,     ,        ,         ,  ,  on  large  scale. 

quantities  are  produced  day  by  day  so  as  to  keep  numerous  stamps 
at  work,  and  because  owing  to  cheap  fuel  or  water  power  the 
machinery  is  cheaply  driven.  But  although  economy  may  be  ob- 
tained by  carrying  on  operations  on  a  large  scale,  much  depends  on 
whether  the  machinery  can  be  regularly  worked  to  its  full  capacity. 
If  there  is  not  always  a  full  su[)]jly  of  ore  for  the  stamps,  or  if  the 
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separating  processes  cannot  keep  pace  with  the  pulverising,  then  the 
cost  per  ton  of  ore  is  at  once  increased. 

Quartz  and  other  rocks  containing  free  gold  have  first  to  be  broken 
up.  This  process  of  reduction  commences  with  throwing  the  ore  as 
it  leaves  the  mine  on  to  large  inclined  grids  or  "  grizzlies,"  and  taking 
the  larger  pieces  thus  separated  to  one  set  of  stone  breakers,  and  the 
smaller  pieces  to  another  set,  and  the  ore  thus  broken  passes  auto- 
matically to  the  stamps,  where  it  is  pounded  in  water.  After  the  ore 
is  pulverised  to  the  size  of  sand,  the  gold  is  obtained  by  elaborate  pro- 
cesses of  percussive  shaking  and  washing,  and  by  the  aid  of  mercury 
in  various  ingenious  machines  by  which  the  gold  is  seized  and  re- 
tained till  it  is  finally  separated  in  retorts  by  distillation,  as  already 
described.  In  America  loo  gallons  of  water  per  stamp  per  hour  is  a 
fair  average  ;  in  Australia  ten  times  this  quantity  is  sometimes  used, 
but  excessive  use  of  water  sometimes  wastes  gold  by  washing  it  away. 
The  water  from  a  stamp  battery  cannot  always  be  reckoned  on  as 
available  for  re-use,  as  it  will  take  up  sulphur  and  other  impurities 
which  "  sicken  "  the  mercury  on  the  plates.  The  cost  of  separating 
the  precious  metal  from  the  quartz  depends  on  whether  it  is  free  gold 
or  combined  with  other  substances,  on  the  friability  and  other 
characteristics  of  the  ore,  on  the  quantity  and  quality  of  water 
available,  and  on  the  supply  of  coal  or  other  fuel. 

The  discovery  of  gold  in  the  Witwatersrand  district  of  the 
Transvaal,  and  the  enormous  developments  of  mining  operations 
there  since  1888,  rendered  possible  by  the  abundant  contiguous 
coal  deposits,  led  to  considerable  modifications  of  previously  exist- 
ing methods  of  gold  recovery.  The  "  banket "  formation  in  the 
Transvaal,  although  outside  the  ordinary  definition  of  either  placer 
or  rock  mining,  may  perhaps  belong  to  the  first,  while  it  un- 
doubtedly demands  the  treatment  of  the  second.  Banket  is  the 
Dutch  name  given  to  the  particular  conglomerate  of  quartzite  pebbles, 
held  together  by  a  silicious  cement  which  contains  the  gold  partly 
free  and  partly  attached  to  the  latter,  varying  in  amoimt  with  the 
depth  at  which  the  reef  is  mined.  The  gold  is  held  in  the  grasp  of 
the  pyrites,  and  about  two-thirds  of  it  is  recovered  by  the  usual 
methods  of  crushing,  stamping,  and  amalgamating  with  mercury. 
The  "  pulp "  flowing  away  from  this  process  is  either  concentrated 
and  the  "  concentrates  "  treated  by  chlorination  or  frequently  without 
concentration  by  the  cyanide  process.  By  this  invention  and  its 
subsequent  developments,  the  gold  which  is  not  caught  by  the  amal- 
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gam  plate  of  the  battery,  and  the  concentrators,  is  recovered  by 
chemical  solution. 

The  Transvaal  mines  are  exceptional  in  the   regularity  of  the       Seepag^yix, 
yield  of  gold  per  ton.   This  ranges  from  8  to  12  dwts.,  with  occasional 
richer  reef,  the  average  of  the  whole  district  being  about  10  dwts.,  or 
i  oz.  per  ton  of  reef. 

Although  in  the  extraction  of  gold  from  ore  of  any  kind,  profit 
appropriate  to  the  risk  is  seldom  obtainable  when  there  is  less  than 
8  d\\ts.  to  the  ton,  it  will  often  pay  to  work  mines  and  dressing  plant 
already  established  for  a  much  lower  percentage.  Where  the  capital 
sunk  in  plant,  explorations  and  preliminary  expenses  has  been  written  Capital  written 
off  out  of  past  earnings,  or  where  owing  to  past  non-success  a  mine 
has  been  transferred  to  a  new  company  with  little  or  no  burden  of 
past  capital,  then  bold  and  economical  management  on  a  large  scale 
may  show  a  profit  otherwise  unattainable.  Under  circumstances  such 
as  these,  with   an  equipment  of  100  stamps  and  upwards,  with  other  Lar^e  equipment 

of  xoo  stamps. 

plant  in  proportion,  and  with  a  constant  and  steady  supply  of  ore  to 
keep  all  the  stamps  employed,  quartz  yielding  only  3  dwts.  of  gold 
per  ton  has  given  satisfactory  results ;  but  such  a  small  rate  is  quite 
inadequate  in  the  vast  majority  of  cases,  and  it  will  rarely  be  found 
that  ore  giving  even  twice  that  quantity  of  gold  can  be  worked  to 
cover  expenses. 

Iron  ore  has  little  or  no  intrinsic  value  by  itself,  and  is  worth  the  iron  mining, 
getting  only  when  there  is  contiguous  fuel  for  smelting,  or  when  the 
ore  and  fuel  can  be  brought  together  at  small  cost ;  and  even  under 
these  conditions  there  must  be  a  market  for  the  product  within  easy 
reach.  In  other  cases  also  ore  is  valuable  where  it  is  of  such  a  Where  profitable, 
special  quality  and  is  so  situated  near  the  sea  or  other  cheap  means 
of  transport  as  to  repay  the  cost  of  carriage  to  places  where  there  are 
existing  furnaces.  Where  there  is  contiguous  fuel,  iron  of  fair  quality 
is  pretty  certain  to  be  eventually  used,  but  mines  situated  inland  can 
seldom  compete  in  the  markets  of  the  world,  and  till  a  local  demand 
arises  for  the  finished  product  sufficient  to  pay  for  the  cost  of  manu* 
facture,  such  iron  will  remain  im worked.  Iron  ore  is  often  carried 
cheaply  as  ballast. 

For  carrying  ore  a  few  miles  to  a  port  or  to  furnaces,  various    Carnage  of  ore. 
methods  are  employed  where  no  railway  or  water  carriage  is  avail- 
able.    In  Spain  much  of  the  ore  is  transported  in  panniers  by  mules 
or  donkeys.     Wire-rope  carriers  are  also  often  used  with  advantage.        Wire-rope 
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In  England,  France,  Germany,  and  Belgium,  and  in  all  the  districts 
where  coal  and  iron  are  found  within  a  reasonable  distance  of  each 
other,  and  even  where  the  iron  is  not  of  the  richest  or  purest  kind,  it 
can  be  worked  profitably,  because  it  can  be  made  cheaply  and  can 
be  easily  carried  to  a  market. 

In  prospecting  for  iron  ore  its  presence  or  proximity  is  sometimes 
very  plainly  manifested,  and  the  ore  is  often  exposed  on  the  surface 
of  the  ground.  Oxide  of  iron  is  shown  in  the  colour  of  the  soil,  in 
the  colour  and  taste  of  the  water,  in  the  nature  of  the  vegetation  ; 
these  signs  being  frequently  sufficient  to  justify  trouble  and  expense 
in  further  investigation.  But  except  by  its  weight  the  ore  often 
affords  no  outward  sign  of  iron,  and  remains  undetected ;  although  the 
mere  burning  of  it  with  wood  fuel,  even  at  a  moderate  temperature, 
would  sufficiently  reveal  its  nature. 

The  numerous  kinds  of  iron  ore  may  be  broadly  divided  into  two 
main  classes. 

I  St.  Ores  in  which  the  iron  exists  as  carbonates. 

(a)  Spathose  ore,  as  in  Carinthia  and  Styria,  where  it  is  smelted 
with  charcoal  fuel. 

(h)  Clay  ironstone,  as  in  Cleveland  or  Middlesbrough. 

(c)  Blackband,  as  in  South  Staffordshire  and  Scotland. 
2nd.  Ores  in  which  the  iron  exists  as  oxides. 

(d)  Magnetic  ore,  as  in  Sweden  and  Russia. 

(<f)  Red  haematite,  as  in  Cumberland  and  Lancashire,  Campanil 
(Bilbao),  and  Elba. 

(/)  Brown  haematite,  in  which  the  oxide  is  combined  with  water, 
e.g.  Rubio  (Bilbao),  and  Northamptonshire. 

{£)  Manganiferous  ores,  in  which  some  of  the  iron  is  replaced  by 
manganese,  e.g.  Cartagena  (Spain). 

The  ores  in  this  second  class  are  distinguished  from  those  in  the 
first  class  (except  a)  as  being  free  enough  from  phosphorus  for  making 
steel  by  the  ordinary  or  acid  process. 

Of  the  above  two  kinds  of  ore,  those  marked  h  and  c  in  the  first 
class  are  those  which  are  found  in  the  coal  measures  of  central 
England ;  and  although  they  only  afford  from  20  to  40  per  cent, 
of  metallic  iron,  their  contiguity  to  coal  and  limestone  renders  them 
valuable.  These  ores  are  worth  from  51.  to  12J.  per  ton  delivered  at 
the  smelting  furnace,  the  price  varying  mainly  with  the  cost  of 
carriage.  Clay  iron  ore  is  generally  roasted  as  a  preliminary  to 
smelting,   and   the   blackband   ore    in    this   class   contains   enough 
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carbonaceous  matter  to  serve  as  fuel  for  the  roasting.  Where  this 
is  not  the  case,  small  coal  is  added  to  the  heaps  of  ore,  as  is  done  to 
clay  when  burning  it  for  ballast.  By  this  calcining  process  the  clay 
ironstone  loses  about  one-fourth  of  its  weight,  and  blackband  nearly 
one-half,  and  the  roasted  ore  contains  from  10  to  30  per  cent,  more 
iron  than  when  raw.     Sometimes  the  ore  is  calcined  in  kilns. 

In  Class  2  the  richest  ore  is  the  magnetic  oxide  of  iron  found  in  Maj^netic  oxide. 
Sweden,  but  the  rock  formations  in  which  it  is  found  do  not  contain 
coal.     The  iron  made  from  this  ore  with  charcoal  fuel  is  of  the 
highest  quality. 

Besides  the   Campanil  red  Spanish  ore  belonging  to  the  red 
haematite  class  and  the  brown  Spanish  Rubio  ore  belonging  to  the         Spanish 
brown  haematites,  the  manganiferous  ores  found  at  the  Porman  mines 
in  the  vicinity  of  Cartagena  may  be  classed  as  haematite,  in  which  the 
oxide  of  iron  is  replaced  by  oxide  of  manganese.     These  ores  are  Manganese  ore. 
sufficiently  free  from   phosphorus  to   serve  for  steel  making.     The 
Porman  ore  is  sometimes  sold  by  the  compound  units  of  iron  and    Sale  by  unite, 
manganese,  the  latter  constituent  rendering  it  useful  for  the  manu-       Setp^^e^i^, 
facture  of  spiegeleisen  and  ferro-manganese. 

The  red  haematite  ore  is  found  in  various  parts  of  Great  Britain,    Red  haematite, 
but  in  paying  quantities  only  in  North  Lancashire  and  Cumberland, 
where  it  is  found  in  thick  masses,  some   of  it  in  specular  kidney- 
shaped  nodules.      This    ore    varies   considerably   in    richness,   the   Non-phosphoric, 
percentage  of  iron  varying  from  50  to  60  per  cent.,  and  it  is  the 
only  ore  in  Great  Britain  sufficiently  free  from  phosphorus  for  steel  Suiubie  for  steel, 
making,  as  ore  containing  more  than  0*04  per  cent,  of  phosphorus 
cannot  be  made  into  good  steel  either  by  the  ordinary  Bessemer  or    Phosphoric  ore. 
open-hearth  processes.     Phosphoric  ores  are,  however,  available  for      Set  page  384. 
steel  by  the  basic  process.     This   English   non-phosphoric  iron  is 
quite  inadequate  to  supply  the  growing  demand ;  and  consequently      Basic  steel, 
steel-making  or  "  Bessemer  ore,"  as  it  is  sometimes  called,  is  valuable        Seepage  384. 
wherever  it  is  found  in  places  accessible   to   cheap  carriage.     The 
principal  source   of  supply  for  Europe   is   the   Campanil  ore  from 
Bilbao,  where  the  price  has  fluctuated  from  51.  to  lox.  per  ton,  and       Bilbao  ore. 
the  carriage  by  steamer  to  an  English  port  from  4^.  to  6j.  per  ton. 
In  1895,  3i  millions  of  tons  were  exported  from  Bilbao  to  Great 
Britain,  this  being  a  considerable  increase  over  previous  years.     But 
the  total  export  had  not  increased,  and  as  the  ore,  of  good  quality 
and  within  easy  reach  for  shipment,  was  then  already  fully  worked, 
any  further  increase  will  probably  be  attended  by  a  greater  cost. 
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In  this  division  of  the  second  class  is  the  specular  iron  found  in 
the  island  of  Elba.  This  iron  occurs  in  large  bright  steel-looking 
masses ;  it  contains  about  60  per  cent,  of  iron  and  very  little  phos- 
phorus. The  mines  belong  to  the  Italian  Government,  and  the 
produce  is  sold  yearly  to  the  highest  bidder,  the  price  including  the 
cost  of  delivery  on  board  ship  having  ranged  from  Si",  to  1 2s.  per  ton. 
Up  to  the  year  1888,  five-sixths  of  this  ore  was  shipped  to  the  United 
States,  but  the  need  there  for  European  ore  has  been  restricted  by  the 
development  of  American  mines  and  by  those  in  Cuba.  Northampton- 
shire ore  belongs  to  this  class ;  it  has  a  low  percentage  of  iron,  and  con- 
tains much  phosphorus.  Irish  (Antrim)  ore  is  used  in  small  quantities 
with  other  ores,  as  it  contains  much  alumina  and  is  useful  as  a  flux. 

The  cost  of  getting  ore  varies  according  to  the  formation  in 
which  it  is  found,  its  abundance,  and  other  circumstances.  Iron- 
stone is  found  in  seams  or  layers  of  from  a  few  inches  up  to  many 
feet  in  thickness,  occasionally  also  in  pockets,  or  as  nodules  in  clay. 
The  cost  of  getting  depends  mainly  upon  the  depth  from  the  surface, 
the  amount  of  waste  to  be  removed,  the  hardness  of  the  ore,  and 
other  usual  incidents  of  mining.  Prospecting  by  the  excavation  of  trial- 
pits,  or,  if  the  depth  be  great,  by  the  diamond  drill  or  other  boring 
apparatus,  is  necessary  to  ascertain  the  thickness  of  the  seams  and 
the  area  covered.  In  many  of  the  formations  there  is  the  risk  that 
what  appears  likely  to  be  a  seam  extending  over  a  wide  area  is  only 
a  pocket  or  deposit  of  limited  extent,  which  will  not  repay  much 
expense  in  sinking  shafts  and  other  operations.  Such  pocket-like 
deposits  are  particularly  frequent  with  the  richer  manganiferous  ores. 
Approximately  every  inch  in  thickness  of  the  ore  gives  a  weight  of 
200  tons  per  acre.  Sometimes  the  ore  is  found  in  large  masses, 
which  can  be  obtained  by  open  quarrying  or  by  cutting  down  the 
face  of  a  cliff.  In  cases  such  as  these,  little  mining  skill  or  experience 
is  needed ;  and  in  many  such  cases,  e.  g.  Middlesbrough,  Bilbao, 
Elba,  Cartagena,  the  ore  is  situated  very  near  to  the  sea. 

Whatever  the  ultimate  purpose  of  the  iron,  it  is  almost  always 
made  first  into  pig  iron,  the  exception  being  where  the  iron  while 
in  its  first  molten  condition  is  occasionally  converted  directly  into 
steel.  Pig  iron,  while  depending  for  its  quality  primarily  on  that  of 
the  ore  and  the  fuel  with  which  it  is  smelted,  varies  also  according  to 
the  proportion  of  the  fuel,  the  kind  and  quantity  of  flux  employed, 
and  the  operations  of  the  furnace. 

The  Bessemer  invention  of  steel  making,  the  simplicity  of  the 
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process,  and  the  rapidity  with  which  steel  made  by  it  and  the  other 
processes  growing  out  of  it  have  superseded  wrought  iron  for  rails, 
ships,  bridges,  boilers  and  other  purposes,  have  greatly  altered  the 
conditions  of  the  trade  in  iron  ore.  Most  of  the  iron  ores  in  Great 
Britain,  as  in  other  parts  of  the  world,  contain  so  much  phosphorus  phoaphorui. 
as  to  render  them  unsuitable  for  steel  making  by  the  ordinary  or  British'ore. 
acid  process.  ^^  ^^*  3^- 

In  Europe  non-phosphoric  ore  is  obtained  from  Bilbao  on  the      Spanish  ore. 
north,  and  Porman  on  the  east  coast  of  Spain ;  also  from  North 
Africa,  and  Elba,  the  mines  in  all  these  places  that  furnish  ore  for 
export  being  situate  close  to  the  sea,  and  at  places  accessible  for 
vessels.     Of  all  the  varieties  of  ore  so  shipped  it  may  be  said  that 
they  contain  from  50  to  60  per  cent,  of  metallic  iron,  not  more  than 
o  •  04  per  cent,  of  phosphorus,  and  that  the  price  delivered  on  board    Scale  of  prices, 
an  export  vessel  ranges  from  51.  to  \2S,  per  ton,  according  to  quality 
and  the  fluctuations  in  the  market  price  of  steel  and  sea  freights. 
Sometimes  the  price  is  by  scale  according  to  the  percentage  of  iron 
in  each  cargo.    In  the  United  States,  Pennsylvania  has  been  the  chief       American 
seat  of  the  iron  trade,  mainly  because  of  the  abundance  of  fuel  and      *'"°°"™     ^^' 
because  suitable  iron  ore  can  be  brought  long  distances  thither  by 
lake  steamers,  and  also  so  cheaply  by  rail  as  to  allow  of  profitable 
working,  especially  when  protected  from  foreign  competition  by  pro- 
tective tariffs.     The  trade  is  rapidly  spreading  into  other  parts  of  the 
country,  especially  in  the  Southern  States,  where  vast  fields  of  iron  iron  in  Southern 

States. 

ore  and  coal  are  found  in  close  proximity,  only  waiting  for  a  demand 
within  reasonable  distance  for  the  pig  or  finished  iron  to  render  them 
profitable.  Alabama,  Kentucky,  Tennessee,  and  West  Virginia  are 
all  iron-producing  States.  But  in  all  these  districts,  as  in  Europe, 
the  largest  deposits  of  ore  almost  always  contain  too  much  phos-  Not  suited  for 
phorus  for  steel  making.  Pending  the  discovery  and  actual  working 
of  purer  ores  in  other  districts,  non-phosphoric  ore  has  been  im- 
ported in  large  quantities  from  the  various  districts  in  and  around  European  ore  sent 

°      ^  to  United  States. 

the  Mediterranean   that  supply  the  European  steel  makers.      The 

export  of  Bilbao  iron  ore  to  America  has  been  limited,  because  the 

port  is  not  well  suited  to  the  large  vessels  crossing  the  Atlantic ;  but 

Elba,  Porman,  and  North  African  ores  have  been  shipped  thither 

largely.     The  cost  of  Atlantic  freight  has  ranged  between  8j.  and  prfce  depends  on 

14$-.  per  ton,  and  the  fluctuations  are  greater  and  more  frequent  than       -.  "^^^f 

those  in   the   price  of   the  ore.      The  risk  to  those  who  buy  and 

sell  the  ore  lies  therefore  mostly  in  the  transport.      Large  mines 
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of  steel-making  ores  have  been  opened  out  in  Cuba  exclusively  for 
America,  but  the  absence  of  return  cargoes  to  the  island  has  enhanced 
the  cost  of  freight. 

Formerly  the  import  tax  in  the  United  States  of  America  was  by 

Duty  on  ore.      an  ad- valorem  duty  of  20  per  cent,  which  produced  from  is,  2d.  to  3^. 

per  ton;  the  tax  was  altered  to  a  fixed  rate  of  3^.  about  1885,  and  to 
IS.  Sd.  {40c.)  in  1897.  There  is,  of  course,  the  inland  carriage  to  pay 
also,  and,  according  to  the  activity  of  the  demand  and  the  fluctuations 
in  the  price  of  native  ore  does  the  European  ore  find  its  way  a 
greater  or  less  distance  inland  from  the  coast. 

Basic  process.  Phosphoric  Ore  is  available  under  certain  conditions  for  steel 

making,  for  by  the  inventions  of  Gilchrist,  Thomas,  and  others,  the 
phosphorus  is  abstracted  during  the  process  of  converting,  and  steel 
of  good  quality  is  made.  Shortly,  this  process  consists  in  adding  a 
considerable  quantity  of  lime  during  the  process  of  conversion,  and 
Converter  lining,  in  giving  a  refractory  lining  to  the  converting  vessels  to  allow  the 

use  of  the  lime.  This  is  sometimes  known  as  the  ^^  Basic  process ^^ 
as  distinguished  from  the  ordinary  or  "  acid  "  method.  The  "  basic  " 
plan  can  be  applied  either  to  the  Bessemer  or  to  the  Siemens  or 
open-hearth  processes,  but  it  adds  somewhat  to  the  trouble  and  ex- 
pense, and  the  competition  between  the  acid  and  the  basic  methods 
depends  mainly  on  local  conditions.  Thus  while  considerable  quan- 
tities of  basic  steel  are  made  in  England,  yet  at  steel  works  on  the 
coast,  Spanish  and  other  pure  ores  can  be  imported  so  cheaply  to 
supplement  the  Cumberland  ore,  that  a  much  less  proportion  of  basic 

Basic  process  in  Steel  is  made  than  in  Germany,  where  native  or  imported  pure  ores 

S€t  aiso^^€ss7'  ^^^  dearer.    As  invention  progresses  these  incidents  of  locality  and 

cost  may  alter. 

Mixture  of  ores.         A  mixture   of  different  kinds  of  ore   is    almost    always    more 

advantageous  than  smelting  one  kind  only.  Ore  which  is  hard 
and  stubborn,  or  ores  having  excessive  silica,  may  be  mixed  advan- 
tageously with  ores  of  opposite  kinds.  For  this  reason  there  are 
certain  ores  which  cannot  be  utilised  profitably  where  they  are  mined, 
although  there  be  suitable  fuel  available,  but  which  may  be  some- 
times exported  with  advantage  to  places  where  a  particular  kind  of 
ore  is  needed  to  mix  with  other  kinds. 

Carbonate  or  clay  ironstone  and  blackband  ores  are  the  only 

kinds  requiring  treatment  (roasting)  before  smelting,  and  the  iron 

Condition  of  ore    oxidc  ores,  if  for  export,  may  be  taken  directly  from  the  mine  to  the 

when  shipped.  ,/.,•  ^ri  i  111 

vessel  for  shipment.     Some  of  these  ores  must  however  be  broken, 
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either  in  the  getting  or  afterwards,  into  moderate-sized  pieces,  as  it  is 
seldom  that  pieces  more  than  about  28  lbs.  weight  are  placed  in  the 
furnace.  Other  ores  are  so  mixed  with  earthy  substances  as  to  need 
washing,  a  process  which  to  be  performed  effectually  and  cheaply 
requires  special  apparatus,  and  so  cheap  a  commodity  as  iron  ore 
will  not  bear  a  great  expense. 

The  primary  basis  of  value  in  the  purchase  of  ore  is  the  propor- 
tion of  metallic  iron  it  contains,  and  then  its  freedom  from  objec- 
tionable constituents,  these  facts  being  ascertained  by  analysis. 
When  once  ore  from  a  certain  mine  is  well  known,  it  is  generally 
accepted  by  neighbouring  purchasers  without  guarantee  of  quality, 
and  the  ore  or  the  iron  made  from  it  is  subjected  only  to  occasional 
analysis.  Exported  ore  is  always  analysed  on  its  arrival  at  its  des- 
tination. The  price  of  iron  ore  is  sometimes  a  rate  per  unit  of  iron 
per  ton  of  ore,  so  that  every  unit  above  an  agreed  minimum  is  paid 
for.  The  more  costly  the  carriage,  the  more  important  does  this 
condition  become,  as  freight  has  of  course  to  be  paid  on  the  gross 
tonnage.  Some  ores  absorb  much  more  moisture  than  others,  and 
not  only  is  the  weight  thus  unprofitably  increased,  but  if  so  used  in 
the  furnace  there  is  loss  of  fuel  in  evaporating  the  moisture.  As  a 
common  basis  for  assay  it  is  usual  to  dry  the  samples  at  212°  Fahr. 
Where  the  ore  has  valuable  ingredients  besides  iron,  such  as  man- 
ganese, the  price  may  be  based  on  a  sliding  scale  of  each. 

Although  the  enterprise  of  mining,  including  the  breaking  and 
washing  of  the  ore  when  necessary,  may  be  kept  quite  distinct  from 
the  smelting  and  later  processes  of  manufacture,  yet  it  is  often  neces- 
sary, in  order  to  realise  the  value  of  the  iron,  to  establish  furnaces 
and  other  works.  The  main  item  in  cost  of  iron  making  is  fuel,  and 
as  the  most  important  factor  in  the  absorption  of  heat  is  the  slag  or 
non-metallic  portion  of  the  ore,  the  richer  the  ore  the  less  fuel  is 
required  per  ton  of  iron  produced.  And  if  the  ore  has  to  be  carried 
any  considerable  distance,  then  the  useless  weight  obviously  involves 
expense. 

The  best  iron  is  made  with  wood  charcoal  fuel,  which  is  free  from 
sulphur,  but  in  the  European  iron-making  countries  the  wood  has 
been  long  ago  exhausted,  and  though  charcoal  iron  is  still  made  in 
Sweden,  Austria,  Russia,  and  elsewhere,  for  special  purpose,  the  quan- 
tity is  very  small.  But  there  may  possibly  be  a  revival  in  this  respect 
in  newly  developed  iron  districts  where  the  ore  is  found  in  the  midst 
of  forests,  such  as  is  the  case  in  Alabama  in  the  United  States,  and 
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elsewhere.  But  even  where  there  is  abundant  timber  for  charcoal 
the  consumption  is  so  rapid  (one  acre  of  forest  only  affording  from 
7  to  14  tons  of  charcoal)  that  the  distance  from  the  furnace  becomes 
greater  and  the  expKjnse  of  transport  grows.  In  the  United  States 
charcoal  costs  about  2 51.  per  ton  at  the  kilns,  in  Austria  about  35^., 
and  in  England  about  45J.  About  one  ton  of  charcoal  is  required 
to  make  one  ton  of  pig  iron  from  the  kind  of  ore  usually  melted 
with  this  fuel.  Charcoal  iron  is  not  only  the  best  for  making  wrought 
iron  and  steel,  but  when  remelted  in  the  foundry  gives  iron  of  a 
tough  quality,  very  valuable  for  many  purposes.  Charcoal  iron  has, 
however,  been  almost  entirely  superseded  by  steel  made  by  the 
modern  processes.  In  the  majority  of  cases  coal  is  the  only  fuel 
available,  and  its  abundance  and  quality  are  the  first  points  to  be 
considered.  Anthracite  and  other  kinds  of  hard  coal  not  too  bitu- 
minous can  be  used  in  a  raw  state  for  smelting  iron,  but  most  kinds 
of  coal  are  quite  unsuitable  as  mined,  and  must  be  coked  before 
using,  this  involving  considerable  capital  expense  for  ovens  and  the 
current  cost  of  making.  Coking  ovens  with  their  accessories  costing 
about  ;^5o  each,  produce  about  30  tons  of  coke  per  week,  an  aver- 
age of  27  to  30  cwt.  of  coal  being  used  for  making  i  ton  of  coke. 
The  value  of  the  coke  depends  not  only  on  its  calorific  power. and 
its  freedom  from  sulphur,  but  also  on  its  mechanical  structure  and 
consequent  fitness  for  resisting  the  crushing  strain  in  the  furnace. 
In  England  the  best  coke  is  made  in  the  Durham  district  from  the 
bituminous  coal,  and  the  coke  is  taken  for  use  to  all  parts  of  England, 
and  is  exported  to  foreign  countries  for  metallurgical  purposes.  In 
the  United  States  coke  of  a  similar  superior  quality  is  made  in  the 
Connelsville  district,  near  Pittsburg,  at  a  much  lower  cost  than  any- 
where else  in  the  world,  and  conveyed  hundreds  of  miles  for  metal- 
lurgical purposes.  From  19  to  30  cwt.  of  coke  are  required  for  each 
ton  of  pig  iron  produced.  The  quality  of  the  iron  depends  greatly 
on  the  character  of  the  fuel  with  which  it  is  brought  in  contact,  sul- 
phur being  the  most  deleterious  ingredient.  Besides  the  fuel  in  the 
furnace,  fuel  is  needed  for  the  blast  engine  and  for  heating  the  blast. 
In  almost  all  modern  ironworks  the  waste  gases  from  the  furnaces  are 
used  for  these  heating  purposes,  and  their  utilisation  for  power  by 
means  of  gas  engines  is  likely  also  to  be  successful. 

Next  to  the  fuel,  the  quality  of  the  limestone  or  other  substance 
used  as  flux  is  important.  Sometimes  the  ore  itself  contains  a  flux 
as   in   the   Frodingham    (Lincolnshire)    ironstone,   where   the   limie 
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averages  14  per  cent ;  and  occasionally  chalk,  marble,  or  cal- 
careous spar  is  employed.  The  kind  of  flux  which  is  most  suitable, 
and  the  quantity  in  proportion  to  the  other  materials,  depend  on  the 
kind  of  ore  and  the  proportion  of  iron,  silica  and  sulphur  that  it 
contains,  but  although  the  quality  of  the  iron  is  improved  by  using 
the  most  suitable  flux,  the  choice  generally  depends  on  what  is  most 
easily  found  within  reasonable  distance.  The  quantity  of  limestone 
needed  for  i  ton  of  pig  iron  ranges  from  10  cwt.  to  20  cwt.  according 
to  circumstances,  but  a  less  quantity  is  needed  if  much  calcareous  ore 
is  used.  Besides  the  transport  of  the  ore  already  referred  to,  the 
local  carriage  to  and  from  the  furnaces  is  of  consequence,  the  profit 
or  loss  to  the  iron-maker  often  depending  on  a  saving  of  a  few 
pence  per  ton.  Including  the  ore,  the  fuel  and  the  flux,  from  3J  to 
5  tons  of  material  have  to  be  moved  for  each  ton  of  iron  made, 
and  there  is  besides  the  carriage  of  the  iron  when  made,  and  the 
refuse  slag. 

Summarising  the  foregoing  remarks,  it  will  be  seen  that  when  an 
iron-making  enterprise  is  contemplated  in  a  new  district,  the  kind, 
abundance,  and  cost  of  the  fuel  should  be  carefully  ascertained.  If 
the  fuel  is  coal  it  is  necessary  to  know  whether  it  be  hard  or  soft 
or  friable,  bituminous  or  anthracite,  its  calorific  power,  and  its  con- 
stituents as  shown  by  analysis.  The  suitability  of  the  coal  for  coking 
must  be  ascertained,  and  if  possible  an  analysis  obtained  of  the  coke 
and  its  specific  gravity.  The  limestone  or  other  flux  that  is  available 
should  be  analysed,  as  it  is  valuable  according  as  it  suits  the  ore 
and  fuel  with  which  it  is  to  be  mixed.  The  cost  of  fire-bricks  or  the 
proximity  of  fire-clay  is  of  importance.  A  good  supply  of  water  is 
essential. 

Vacant  land  or  tipping  ground  for  the  refuse  slag  from  the 
furnaces  has  to  be  provided,  and  the  locality  of  this  land  in  relation 
to  the  furnaces,  both  as  regards  distance  and  level,  is,  together  with 
the  facilities  for  carrying,  an  important  item  in  the  economy  of  iron- 
works. Slag  is  useful  for  road  making,  and  for  concrete,  but  it  is 
seldom  that  profitable  use  can  be  found  for  all  the  slag  or  dross 
that  is  produced.  Basic  slag  containing  phosphorus  is  valuable  as 
manure. 

The  cost  of  making  iron  depends  a  good  deal  on  such  a  laying 
out  of  the  works  as  will  economise  the  movement  of  materials  and 
facilitate  the  proper  sequence  of  operations.  Advantage  may  some- 
times be  taken  of  hilly  or  sloping  ground  to  bring  the  materials  by 

2  c  2 


Quantity  of  lime' 
■tone  required. 


Weight  of 

material  for 

transport. 


Iron-making. 


Conditions  of 
Buccese. 


Vacant  land  for 
tipping. 


Slag  or  droaa. 


Coat  of  making 
iron. 


See  PRtcH<  or  Iron, 


388 


Mathesons  Aid  Book. 


[Chap.  XV. 


railway  at  a  high  level  to  the  furnace  mouth,  and  of  a  lower  level  for 
taking  away  the  products.  A  carefully  contoured  plan,  from  which 
sections  can  be  deduced,  is  necessary  in  order  to  design  an  ironworks 
correctly. 


Galena. 
Where  found. 


Lead  heavy  and 
lustrous. 


Prospecting. 


Lead  mining.  Lead  is  very  seldom  found  native  or  pure,  and  of  the  numerous 

minerals  in  which  it  occurs  only  two  are  obtained  in  any  considerable 
quantity,  namely,  galena  or  sulphuret  of  lead,  and  white-lead  ore  or 
carbonate  of  lead.  The  latter  is  probably  a  chemical  alteration  of 
the  galena  ore;  it  is  often  found  with  it,  and  is  seldom  smelted 
separately.  Galena,  which  affords  the  main  supply  of  the  world, 
occurs  in  veins  varying  from  many  feet  to  a  few  inches  in  width,  and 
sometimes  in  considerable  masses,  with  other  metallic  ores  in  the 
primitive  and  secondary  rocks,  but  mostly  in  what  is  known  as 
mountain  limestone.  Galena  is  heavy,  having  a  specific  gravity  of 
7]^,  and  is  easily  recognised,  not  only  from  its  weight,  but  from  the 
bright  metallic  lustre  when  broken  up,  and  the  rectangular  form 
taken  by  the  fragments.  Two-thirds  of  British  lead  is  found  in  car- 
boniferous limestone,  much  of  it  in  contiguity  to  shale,  and  it  is  also 
found  in  clay-slate  and  granite. 

The  prospecting  for  lead  is  in  most  cases  not  so  difficult  as  for 
other  minerals.  The  surface  rocks  often  show  by  their  colour  the 
proximity  of  lead  sulphide,  and  an  analysis  of  neighbouring  springs 
will  show  indications  of  lead  in  the  water.  In  Europe  most  of  the 
districts  where  lead  is  found  have  been  worked  in  ancient  times,  and 
surface  signs  of  old  operations  assist  in  new  researches  and  develop- 
ments. In  Spain,  which  in  1889  furnished  about  one-fourth  the 
world's  supply,  lead  deposits  are  generally  recognised  on  or  near  the 
Ancient  workings,   surface,  and  old  Workings  of  superficial  character  requiring  little  or 

no  pumping  are  usually  available.  But  since  1890  the  sources  of 
supply  have  greatly  increased,  lead  being  imported  into  Great  Britain 
from  New  Zealand  and  from  silver  lead  mines  in  various  parts  of  the 
world. 

Cost  of  getting.  The  cost  of  getting  is  largely  determined  by  the  degree  of  hard- 

ness in  the  veins,  by  their  regularity,  and  by  their  width.  There  is 
probably  no  other  mineral  in  which  there  is  so  wide  variation  in  the 
amount  of  ore  in  the  same  vein  and  in  the  same  kind  of  rock  as  with 

Mining  expenses,  lead.     The  expense  of  mining  is  made  up  of  many  items,  which  differ 

widely  in  different  countries.  In  Great  Britain  the  first  burden  is 
the  royalty,  tithe,  or  tribute  payable  to  the  State,  the  Church,  or  the 
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landowner.     The  royalty  is  generally  in  proportion  to  the  ore  found,  Royalty. 

and  as  the  rate,  especially  in  long  leases,  is  based  on  the  value  and        stepagt  345. 

profits  of  a  time  when  Great   Britain  was  the  chief  source  of  the 

world's  supply,  this  burden  alone  forbids  any  profit  at  many  of  the 

mines  at  the  lower  prices  caused  by  foreign  competition.     Further, 

in  the  British  mines  many  of  the  wider  and  richer  veins  have  become 

exhausted,  deeper  explorations   are  hindered   by   the   expenses   of 

pumping,  and  the  cost  of  labour  is,  as  a  rule,  greater  than  in  Spain,    Mining  in  Spain 

whose  mines  have  been  greatly  developed,  and  where  the  royalties  or 

Government  dues  are  very  moderate.     Since  1880,  the  mining  of  lead 

in  England  has  practically  ceased. 

Of  all  metals,  lead  is  one  of  the  easiest  to  separate  from  the  rock 
which  holds  it.  In  Derbyshire  most  of  the  lead  has  been  obtained 
by  individual  miners,  who  broke  up  the  ore  by  hand,  washed  it  in 
cradles,  and  sold  the  dressed  ore  to  the  neighbouring  smelting  works. 
But  in  mines  worked  systematically  on  a  large  scale,  the  ore  is  broken 
in  stone-breakers  and  rolls,  the  varying  gravity  of  the  metallic  and 
other  particles  being  availed  of,  in  washing  machines  elaborated  from 
the  simpler  cradle  of  the  miner.  The  ore  having  been  thus  dressed 
is  roasted  to  expel  the  sulphur,  arsenic,  or  antimony,  and  is  then 
smelted  in  reverberatory  furnaces  and  cast  into  pigs,  which,  if  they 
hold  sufficient  of  silver  or  other  of  the  more  valuable  metals,  are 
again  treated,  or  are  sold  to  the  refiners,  who  desilver  it.  The  cost  of 
smelting  depends  a  good  deal  on  the  kind  and  quality  of  the  fuel 
available,  and  of  the  quartz,  limestone,  or  other  flux  which  is 
necessary  to  the  smelting.  Coke  or  coal  fuel  is  generally  used  in 
Europe ;  shale  also  is  used,  and  occasionally  charcoal  and  brush- 
wood in  some  of  the  remoter  Spanish  districts.  In  the  United  States 
charcoal  is  often  available  at  a  low  cost,  and  its  use  offers  certain 
advantages. 

The  ore  is  always  dressed  at  the  mines,  and  is  almost  always 
smelted  there  also,  though  sometimes,  where  there  are  numerous 
small  mines  in  a  district,  cupolas  or  other  smelting  furnaces  are 
erected  in  some  central  place  and  deal  with  the  whole  produce. 
Occasionally,  also,  if  got  from  mines  within  easy  reach  of  a  port  of 
shipment,  the  ore  is  sent  to  smelting  works  in  England,  France,  or 
Germany,  where  it  can  generally  be  treated  to  better  advantage  than 
at  the  mines.  The  ore  is  sold  at  a  price  per  ton  based  on  its  units 
of  lead,  silver,  or  other  constituents.  The  smelter  has  to  take  into 
account  the  gross  value  of  the  pig  lead  and  silver,  less  the  cost  of 


Fuel. 


Smelting. 


Lead  ore. 
How  valued. 


390 


Mathesofis  Aid  Book. 


[Chap.  XV. 


Constituents  of 
lead  ore. 


Impurities. 


Iron  and  silver  in 
lead. 


Cost  of  smelting^. 


Concentration. 


Chang^es  in  lead 
mining. 


Increase  of 
American  lead. 


Silver-lead  ore. 


carriage  and  smelting,  the  loss  of  lead  in  the  process,  interest  on 
capital,  and  other  obvious  charges. 

Pure  lead  ore,  that  is  ore  entirely  freed  from  extraneous  sub- 
stances, contains  86]^  per  cent,  of  lead  and  13^  per  cent,  of  sulphur, 
any  silver  there  may  be  taking  the  place  of  a  part  of  the  lead.  In 
practice,  however,  the  ore  is  seldom  dressed  purer  than  80  per  cent., 
and  in  the  processes  of  roasting  and  smelting,  antimony  and  other 
impurities  are  not  always  entirely  expelled.  Much  of  the  British  lead 
was  not  desilvered,  the  proportion  of  silver  being  small,  the  lead  in 
other  respects  being  purer  than  most  of  the  foreign  lead.  Where 
silver-lead  is  found  in  the  neighbourhood  of  iron  containing  lead  and 
silver,  as  sometimes  happens,  the  iron  ore  may  be  used  as  a  flux,  and 
the  lead  is  enriched  by  the  metal  taken  from  the  iron. 

In. Great  Britain  the  cost  of  smelting,  exclusive  of  desilvering, 
approximates  to  20J.  per  ton  of  ore  treated.  While  most  lead  ore  is 
smelted  at  or  near  the  mine,  it  has  not  been  customary  to  desilver  the 
lead  there  ;  though  in  some  of  the  larger  foreign  mines,  the  desilver- 
ing is  also  effected  on  the  spot.  Sometimes  this  is  done  only 
partially  by  concentrating  the  silver  with  unrefined  lead  60  to  300  oz. 
to  the  ton,  the  metal  in  this  condition  repaying  better  the  cost  of 
carriage  to  desilverers  in  London  or  elsewhere. 

The  trade  in  lead  has  been  revolutionised  during  the  nineteenth 
century,  first  by  the  improvements  in  the  processes  of  obtaining  the 
silver  from  the  lead,  and  since  1870  by  the  discovery  and  develop- 
ment of  new  mines  of  silver-lead  in  the  United  States.  Up  to  the 
year  1870,  Spain  and  Great  Britain  were  the  principal  lead-producing 
countries  of  the  world ;  lead  found  in  the  United  States  being  not 
nearly  enough  for  home  consumption,  the  importation  thither  of  lead 
amounting  in  1870  to  42,000  tons.  In  1880  the  American  produc- 
tion had  so  increased  that  the  importation  had  fallen  to  4000  tons, 
and  the  native  production  continued  to  increase,  so  that  in  1884  it 
amounted  to  about  1 40,000  tons,  of  which  six-sevenths  was  desilvered 
lead. 

All  galena  contains  sulphide  of  silver,  ranging  in  quantity  from 
O'Oi  per  cent.,  equal  to  3^  troyoz.  per  ton  of  lead,  up  to  i  per  cent., 
equal  to  326  oz.  per  ton.  In  the  latter  cases  the  ore  is  mined  for 
the  sake  of  the  silver,  with  little  or  no  regard  to  the  value  of  the  lead. 
At  the  beginning  of  the  19th  century  silver  could  only  be  obtained  from 
lead  by  processes  which  oxidised  the  latter  and  rendered  re-melting 
necessary,  and  this  was  not  remunerative  even  at  the  then  high  prices 
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of  both  metals,  unless  there  was  at  least  10  to  12  oz.  of  silver  per 
ton  of  lead.  As,  however,  by  modem  processes  from  2  to  4  oz.  of 
silver  (according  to  the  current  prices  of  silver  and  lead)  will  pay 
for  the  separation,  and  as  nine-tenths  of  the  lead  which  is  mined  in 
the  world  contains  such  a  proportion  or  more  (although  the  lower 
grades  are  not  always  desilvered),  it  is  evident  that  the  value  of 
so-called  lead  mines  are  estimated  in  a  different  way  to  formerly. 
Indeed,  much  of  the  lead  manufactured  into  sheets  and  other  forms 
before  1830  has  a  value  for  desilverising  when  sold  now  as  old 
metal. 

The  processes  by  which  the  metals  are' separated  cannot  be  fully 
described  here.  They  consist  mainly  of  three  methods  :  First,  the 
crystallisation  of  metal  process,  called  Pattinson's  process,  taking 
advantage  of  the  different  behaviour  of  lead  and  silver  at  certain  tem- 
peratures, the  earlier  formed  crystals  of  lead  being  removed  from  the 
fluid  silver.  Secondly,  the  steam  process,  which  though  effective  with 
certain  combinations  of  metal  is  somewhat  irregular  in  result.  Thirdly, 
there  is  the  zinc  process,  which  though  the  most  costly  is  the  most 
scientific,  reducing  greatly  the  labour.  If  the  proper  skill  be  wanting 
this  method  involves  loss.  Advantage  is  taken  of  the  affinity  of  zinc 
for  gold,  copper,  and  silver,  to  introduce  the  metal  in  such  proportions 
as  will  exactly  operate  on  these  metals,  which  combine,  and  in  cooling 
form  a  crust  which  can  be  removed,  the  fluid  lead  below  being  found 
free  from  its  alloys.  The  zinc  is  then  burnt  off  and  the  precious 
metal  refined.     Complex  ores  require  special  treatment. 

Pig  lead  varies  in  character  according  to  the  extraneous  matters  it 
contains,  and  each  kind  has  a  use  and  value  accordingly.  British 
lead  is  generally  pure,  and  can  be  used  immediately  for  rolling  into 
sheets,  pressing  into  pipes  or  for  caulking.  Much  of  the  Spanish 
lead  is  naturally  hard  from  the  antimony  it  contains,  and  although 
this  may  be  removed  during  the  processes  of  desilvering  or  by  special 
treatment,  a  buyer  requires  assurance  on  this  point,  and  the  lead  is 
accordingly  warranted  "  soft "  unless  required  as  antimonial  lead  for 
type  metal  or  other  purposes.  Sometimes  lead  of  a  kind  inferior 
for  ordinary  use  has  a  value  because  of  its  suitability  for  use  in 
desilverising  operations. 

From  1845  to  1849  the  total  production  in  Great  Britain  and 
the  imports  together  amounted  to  an.  annual  average  of  about 
60,000  tons,  and  the  average  price  was  jQi^i  13X.  9^/.  per- ton. 
During   the   years    1873   to   1877    the    average    annual   total   was 
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about  145,000  tons,  and  notwithstanding  this' enormous  increase 
the  average  price  had  risen  to  J[,22,  In  1877,  which  may  be 
considered  as  the  last  of  the  good  years,  pig  lead  sold  for 
^20  loj.,  and  lead  ore  of  average  quality  for  ^^14  \2s,  6d.  In 
the  next  succeeding  years  the  supply  from  Spain  greatly  increased, 
the  manufacture  of  lead  in  Germany  was  extended,  the  opening  out 
of  silver-lead  mines  in  Nevada  and  Colorado  and  the  sale  thence  of 
large  quantities  of  lead  as  a  by-product  rapidly  reduced  the  price,  and 
in  1885  the  unprecedentedly  low  price  of  ;^io  5^.  was  reached. 
A  large  number  of  lead  mines  wholly  or  partially  ceased  working,  and 
there  was  a  recovery  in  value,  and  at  one  time  during  1885  lead 
regained  even  as  high  a  price  as  jQi2  15J.  In  1896  the  price  of 
lead  fluctuated  between  ;^ii  and  ^11  15J.  The  exploitation  of 
lead  and  silver-lead  mines  in  different  parts  of  the  world,  the  peculiar 
fluctuations  to  which  silver  is  liable  because  of  its  use  in  coinage, 
and  the  relation  which  a  growing  demand  may  have  to  an  increased 
supply,  will  determine  the  price  for  the  future.  In  1896,  164,000 
tons  of  lead  were  imported  into  Great  Britain,  while  41,000  tons  of 
lead  in  pig,  pipes  and  sheets  were  exported. 

Great  Britain  is  recognised  as  the  centre  of  the  lead  trade,  and 
the  prices  of  the  London  Exchange  regulate  those  of  the  European 
markets,  and,  to  a  large  extent,  those  of  the  United  States  also. 
But  the  greatly  increased  production  of  the  latter  country  is  tending 
to  an  alteration  in  this  respect. 
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Silver  is  the  brightest  and  most  beautiful  of  metals ;  it  is  one  of 
the  most  ductile ;  it  is  harder  than  gold,  but  softer  than  copper ;  and 
the  facility  with  which  it  can  be  melted,  and  its  permanency,  have 
encouraged  its  use  from  the  earliest  times. 

Silver  ore  exists  in  most  geological  formations  and  in  the  rocks  of 
all  ages,  but  silver  is  found  in  combination  so  variously  with  other 
metals  and  mineral  substances  that  the  circumstances  of  production 
and  treatment  differ  very  widely.  Native  or  metallic  silver  occurs 
very  rarely,  although  some  of  the  earliest  and  most  famous  mines 
were  of  this  kind.  Such  silver  is  crystallised  into  cubes  and  other 
regular  shapes,  and  sometimes  these  in  minute  forms  strung  together 
have  the  appearance  of  fibre  threads  or  leaves.  This  silver  ore  pro- 
per is  found  in  veins  and  pQckets,  and,  as  in  other  ores  so  found,  the 
cost  of  getting  depends  greatly  on  the  width,  direction,  and  regularity 
of  the   veins   and   other  deposits,   so   determining   the   amount   of 
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waste  stuff  to  be  removed  in  order  to  obtain  a  certain  quantity  of 
the  ore. 

Some  of  the  richer  silver  ores  may  be  sufficiently  separated  by 
hand  picking  and  directly  smelted,  but  generally  the  rock  has  to  be  Hand  picking, 
crushed  and  treated  much  in  the  same  way  as  auriferous  quartz. 
From  the  rock  thus  pulverised  the  silver,  which  has  a  specific  gravity 
of  10^,  may  in  some  cases  be  directly  obtained  by  washing  and 
amalgamation  with  mercury,  this  for  instance  being  the  usual  plan  in  Amalgamation. 
Chili  and  Mexico,  where  the  ore  is  sufficiently  pure  to  admit  of  its 
being  washed  and  treated  mechanically  without  the  roasting  process, 
which  for  many  classes  of  ore  is  absolutely  necessary. 

The  larger  proportion  of  silver  ores  are  sulphurets,  combined  Suiphurets. 
generally  with  copper,  arsenic,  and  other  sulphurets.  Silver-bearing 
ores  of  these  kinds  require  very  careful  assay  to  prove  the  presence 
of  the  metal,  which  in  various  states  of  combination  is  not  visible  at 
all  as  silver.  It  is  in  ore  of  these  kinds  that  roasting  is  necessary.  Roasting  of  ores. 
This  is  performed  in  reverberatory  furnaces,  where  ordinary  salt  is 
mixed  with  the  ore  ;  the  heat  of  the  furnace  vaporising  and  so  ex- 
pelling the  sulphur,  arsenic,  and  other  volatile  substances,  which  are  Expels  sulphur 
afterwards  condensed,  and  as  far  as  possible  utilised.  When  the  ore 
is  thus  purified  it  is  reduced  to  powder,  and  the  silver  is  then  ex- 
tracted by  amalgamation  with  mercury,  the  metal  being  separated 
in  the  usual  way  by  retorting.  The  silver  so  obtained  is  in  a  porous 
condition,  and  is  then  melted  in  crucibles  and  cast  into  solid  ingots. 
If,  as  is  frequently  the  case,  gold  is  combined,  the  more  precious 
metal  is  separated  by  after  processes  of  refining,  seldom  performed 
at  the  mine. 

The  profitable  reduction  of  silver  ore  depends,  more  than  in  the      Special  skin 
case  of  any  other  metal,  on  the  skill  and  knowledge  brought  to  bear        '^fl"*'* 
on  the  above  processes.     Not  only  are  there  numerous  varieties  of 
silver  ore,  but  even  in  the  same  mine  will  various  kinds  be  found, 
such  as  argentiferous  iron,  copper  pyrites,  as  well  as  the  different 
sulphurets  of  silver.     It  is  not  easy  to  judge  these  various  kinds  of  Great  variety  of 
ore  by  their  appearance,  and  as  the  treatment  in  the  furnace  depends 
on  the  quality,  it  is  necessary  in  order  to  obtain  satisfactory  results  to 
assay  the  ore  as  it  leaves  the  stamp  battery,  and  then,  by  mixing  the 
various  parcels,  to  obtain  for  the  furnace  a  charge  of  known  average 
quality,  which  can  be  treated  according  to  its  kind.     Some  ores  are 
more  refractory  than  others,  and  for  want  of  proper  treatment,  mines   Needing  various 
rich  enough  in  themselves  have  for  want  of  skill  in  roasting  and        "*  *"*" 
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amalgamating  entirely  failed,  the  quantity  of  silver  left  in  the  tailings 
exceeding  that  obtained. 

CosUy  machinery.  The  machinery  and  plant  for  the  reduction  of  silver  are  neces- 
sarily costly,  and  though  the  outlay  of  capital  may  be  amply  repaid  if 
the  ore  is  sufficient  in  quantity  and  quality,  failure  has  often  occurred 
by  establishing  an  expensive  plant  without  sufficient  investigation  of 
the  mine.  It  may  be  accepted  as  a  rule  that  no  outlay  on  reduction 
plant  should  be  made  on  the  basis  of  preliminary  results,  nor  until,  by 

Proving  of  mines  actual  prospecting  in  advance,  enough  ore  has  been  proved  to  exist 

m  advance.  ,  .  »  o  tr 

to  repay  the  capital  outlay  proposed.  Even  after  many  years  of 
successful  working,  prospecting  should  always  precede  further  develop- 
ments. If  a  mine  is  sold  at  a  price,  or  on  terms  based  on  past 
profits,  it  may  be  found  that  valuable  mineral  can  no  longer  be 
obtained  in  remunerative  quantities. 

The  location  and  accessibility  of  the  mine  are  also  matters  of 
great  importance.  If  abundant  water  and  fuel  exist  at  or  near  the 
mine,  and  if  there  be  no  local  hindrance  to  the  establishment  of 
works,  the  ore  can  be  treated  there,  and  the  precious  metal  will 
repay  the  cost  of  even  difficult  transport  as  silver ;  but,  if  for  want  of 
local  facilities  for  reduction,  the  ore  itself  has  to  be  carried,  then  the 
question  of  transport  becomes  of  the  greatest  importance.  Rich 
silver  mines  are  known  to  exist  where  they  are  valueless  because  of 
unfavourable  conditions  in  these  respects,  and  others,  although 
worked,  have  entirely  failed  because  these  circumstances  have  been 
neglected  or  ignored. 

While  the  above  may  summarily  describe  the  extraction  of  silver 
from  its  ores,  a  considerable  proportion  of  the  world's  supply  is 
obtained  from  lead,  and  to  a  small  extent  from  copper.  In  such 
cases  it  is  usual  to  obtain  these  metals  by  the  smelting  and  other 
processes  appropriate  to  them,  and  then  to  extract  the  silver  by 
special  treatment  afterwards,  this  being  most  profitably  effected  at 
large  central  works,  the  principal  of  which  are  in  England  and 
Germany,  where  various  grades  or  kinds  of  metals  may  be  combined 
with  advantage.  In  Spain  and  the  United  States  a  large  proportion 
of  the  silver  is  obtained  from  argentiferous  galena  (silver-lead),  and 
the  earlier  processes  of  mining  and  dressing  are  similar  to  those 
in  a  lead  mine,  with  the  difference  that  as  the  proportion  of  silver 
increases  so  can  the  expenditure  on  the  various  stages  of  getting, 
dressing  and  smelting  be  profitably  increased.  When  the  proportion 
of  silver  to  lead  is  so  small  that  the  obtaining  of  the  lead  is  the 
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primary  operation,  the  desilverisation  is  a  later  process  carried  on  Desiiveriaation  at 
sometimes  at  the  mine,  but    generally  as  a  separate  business  by      see  page  y^i, 
refiners  or  desilverers.     The  desilverising  of  lead  and  the  changes 
that  have  occurred  in  the  methods  of  doing  it  have  been  already 
referred  to. 

The  refining  of  silver  is  most  advantageously  carried  on  by  those  Reftning  of  silver, 
who  refine  gold  also.     Each  of  the  two  metals  frequently  contain 
small  proportions  of  the  other,  and  the  processes  have  been  brought 
to  such  perfection  that  even  two  grains  of  gold  in  a  troy  lb.  of  silver 
will  enhance  the  price  obtainable  for  such  silver. 

Silver,  like  gold  and  unlike  all  other  metals,  is  subject  to  peculiar   Fluctuations  in 
incidents  of  enhancement  and  depression,  because  of  its  use  as  ^"*^** 

money,  and,  as  these  incidents  are  entirely  outside  those  which  affect 
other  commodities,  an  element  of  speculation  is  added  beyond  the 
control  of  those  interested  in  the  mines.  Silver  has  been  the 
standard  money  of  India  and  China,  but  it  has  ceased  to  be  so  in      sundard  of 

,         .  111  •      11     '^  •  ^  money  in  India, 

any  other  important  country,  although  nominally  it  remains  so  to  a  China  and  Mexico. 

partial  extent  in  Mexico,  South  America,  France  and  the  United 

States.     In  the  latter  country  the  silver  dollar  was  so  long  deemed 

the  real  standard  of  value  that  silver  was  considered  worth  its  weight 

in  coined  money,  and  the  richness  of  ore  was  expressed  not  in  ounces 

but  in  dollars. 

Without  touching  on  the  policy  which  has  induced  the  demoneti-  Demonetisation  of 
sation  of  silver  in  Germany  and  elsewhere,  on  the  fluctuating  supply 
of  gold  as  a  substitute,  and  on  the  feasibility  of  a  double  standard  of 
value,  which  is  so  strongly  advocated,  the  effect  of  such  change  on 
silver  mining  enterprise  has  been  most  marked  and  in  some  cases 
disastrous.  At  the  beginning  of  the  nineteenth  century  there  was  a  Effect  on  values, 
fixed  ratio  of  value  to  gold  of  15^  (15-61)  to  i,  and  this  was  upheld 
by  the  laws  and  operations  of  mintage  in  the  leading  countries  of  the 
world  till  the  year  1870.  Notwithstanding  these  laws  and  the  con- 
siderable use  of  silver  as  a  material  of  manufacture,  the  great  increase 
in  the  production  of  silver  on  the  one  hand,  both  from  the  discovery  over-production. 
of  new  mines  and  from  its  increased  production  as  a  by-product  from 
lead,  copper  and  other  metals,  and  the  growing  preference  for  the 
less  bulky  gold  on  the  other,  caused  the  mints  to  restrict  their  silver 
coinage.  The  fall  in  the  price  of  silver,  while  primarily  due  to  the 
demonetisation  of  the  metal,  is  obviously  accelerated  by  the  increased 
supply.  Thus,  in  the  years  succeeding  187 1,  when  Germany  changed 
her  standard  to  gold,  the  supply  from  American  silver  mines  greatly 
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Comstock  mine,   increased.      The  Comstock  Lode  in  Nevada  alone  produced  in  1876 

7^\  millions  sterling  of  gold  and  4  millions  sterling  (taking  the  weight 
in  equivalent  dollars)  of  silver.  In  1872  the  ratio  to  gold  was 
15*63,  and  the  price  of  silver  was  6o//.  per  troy  ounce ;  in  1870  the 
ratio  was  17 '92,  and  the  price  of  silver  had  fallen  to  534</.  In 
1880  silver  had  from  these  causes  fallen  to  52^/.  per  ounce.  This 
reduction  in  value  rendered  many  mines  un remunerative,  but  the  fall 
in  values  continued,  in  sympathy  with  that  of  all  other  commodities, 
during  the  following  years,  and  was  intensified  by  the  vast  product 
of  the  Colorado  and  other  mines  on  the  American  Continent,  so  that 
in  1888  bar  silver  was  only  worth  \2\d  per  ounce,  and  the  rupee, 
nominally  equal  to  2J.,  was  worth  only  i6J^.  The  free  mintage  of 
silver  into  rupees  in  India  helped  to  maintain  its  price,  but  at  the  closing 
of  the  Indian  mints  to  public  coinage  in  1893,  silver  fell  further  in  value. 
In  1894  it  touched  28^^.,  and  at  the  end  of  1896  was  at  30:/.  per 
ounce. 

The  future  of  silver,  while  depending  greatly,  as  do  the  less  valu- 
able metals,  on  the  consumption  in  manufacture  and  the  growth  of 
the  supply,  will  be  largely  affected  by  the  mintage  regulations  which 
may  arise  in  Europe  and  America,  and  the  permanence  or  alteration 
of  the  customs  in  British  India  and  China.  In  Great  Britain  there  is 
an  import  duty  and  corresponding  excise  tax  on  silver  which  artifi- 
cially restricts  its  use  in  manufactures  with  little  advantage  to  the 
revenue,  but  this  duty  is  likely  to  be  removed.  The  natural  result 
of  a  fall  in  value,  that  the  less  profitable  mines  will  stop  working 
and  so  bring  about  an  adjustment  of  the  supply  to  the  demand,  is 
modified  by  the  fact  that  much  silver  will  continue  to  be  produced 
as  a  by-product  of  other  mineral  operations,  the  desilverisation  of 
lead  and  copper  affecting  the  value  of  silver  mines  proper. 


Future  value. 
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Alloys. 


Tin  is,  for  purposes  of  utility,  next  to  iron,  the  most  valuable  of 
metals,  and  there  are  few  sources  of  supply.  Tin  is  hardly  ever  used 
alone,  and  its  various  uses  may  be  broadly  divided  into  fi\&, 

1.  For  the  coating  of  iron  and  steel  sheets  to  form  "  tin  plates." 

2.  For  coating  tubes  and  vessels  of  copper  or  other  metals  to 
protect  the  surfaces  from  the  corrosive  action  of  acids. 

3.  As  one  of  the  chief  ingredients  in  brass,  bronze,  and  other  of 
the  innumerable  alloys  with  copper. 

4.  As  an  ingredient  in  alloys  with  lead  as  pewter,  solders  and 
tin-foil. 
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5.  In  small  quantities  in  various  chemical  mixtures. 

As  tin  is  used  almost  invariably  as  an  alloy  with  or  as  a  coating 
on  other  metals,  it  can  seldom  be  recovered  and  re-used,  and  there 
being  thus  no  supply  of  old  or  second-hand  material,  as  with  most 
other  metals,  the  demand  for  new  is  maintained  and  increased.  The 
clean  clippings  from  tin-smiths*  new  plates  are,  to  a  small  extent, 
treated  with  acid  for  the  recovery  of  the  tin,  but  although  there  have 
been  several  attempts  to  obtain  the  tin  from  old  tin  plates,  these 
have  not  as  yet  proved  remunerative.  It  is  probable,  however,  that 
by  the  aid  of  electricity  this  will  eventually  be  accomplished. 

Taking  the  world's  production  of  tin  in  1887  ^s  45,000  tons,  the 
consumption  in  Great  Britain  for  tin  plates  was  about  12,000  tons, 
the  finished  tin  plates,  to  the  value  of  7  millions  sterling,  weighing 
500,000  tons,  of  which  about  80  per  cent,  were  exported  to  the 
United  States.  The  production  of  tin  in  Great  Britain  was  about 
9000  tons.  After  that  date  great  changes  took  place  in  the  economy 
of  tin  mining  and  the  tin  trade. 

Up  till  the  middle  of  the  19th  century,  Cornwall  was  the  chief  source 
of  the  world's  supply,  the  quantity  mined  there  exceeding  greatly  the 
aggregate  from  all  the  mines  of  other  countries,  although  it  seems 
certain  that  in  ancient  times  the  Indian  and  other  Eastern  mines 
now  in  operation  were  also  worked.  Since  about  the  year  i860, 
however,  the  sources  of  supply  have  been  greatly  increased.  The 
islands  of  Banca  and  Billiton  near  Sumatra,  the  mines  in  Malacca 
and  other  parts  of  the  Malay  Peninsula,  have  together  furnished  more 
tin  than  Cornwall.  The  low  price  of  silver  currency  in  the  East 
greatly  stimulated  and  further  cheapened  the  cost  of  Malay  tin  mining. 
The  development  of  mines  in  Peru,  Bolivia,  New  South  Wales, 
Victoria,  Queensland,  and  the  Mount  Bischoff  mines  in  Tasmania 
has  still  further  increased  the  supply,  so  that  the  price  of  tin,  which 
was  as  high  as  ;^i59  in  1872,  fell  below  ^60  in  1878,  and  in  1885-6 
fluctuated  between  ^75  and  jCioj.  In  1887,  English  tin  ranged 
from  ^104  to  j£iS^j  while  Australian  and  Straits  tin  had  even  wider 
fluctuations  from  ;^ioi  to  jQid"]*  The  higher  of  these  prices  in 
1887  was  due  to  an  artificial  combination  of  capitalists,  who  were 
also  attempting  to  control  copper,  but  the  high  rates  could  not  be 
maintained,  and  the  price  fell  to  ^76  in  1888.  It  did  not  again 
reach  the  high  prices,  and  in  1896  fluctuated  between  ^56  and  ;^6o. 
At  these  values  the  mining  of  tin  in  Cornwall  is  unprofitable,  and 
many  of  the  mines  have  been  closed.     The  export  of  English  tin  and 
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the  re-export  of  foreign  tin  increased  from  17,000  tons  in  1887  to 
26,000  tons  in  1896,  but  the  export  of  tin-plates  fell  gradually  and 
continuously  from  430,000  tons  in  1889  to  273,000  tons  in  1896, 
most  of  the  reduction  being  in  the  export  to  the  United  States. 
Tin  ore  always  as        Tin  never  occurs  "  native,"  but  always  as  an  oxide,  the  only  tin 

ore  of  any  importance  being  the  peroxide,  which  in  its  pure  state, 
after  separation  from  the  rock  or  stone  which  holds  it,  consists  of 
78  per  cent,  of  tin.  The  ore  is  foimd  in  the  oldest  rocks,  principally 
in  granite,  and  in  Cornwall,  generally  below  copper,  at  depths  down 
to  2500  feet.  Unlike  copper,  which  in  time  alters  and  wastes  under 
the  chemical  action  of  water  and  other  surrounding  influences,  tin 
Tin  oxide.       oxide  is  imperishable,  although  in  the  course  of  ages  and  under 

imperishable.  i      •      i     ■  « 

geological  alterations  its  position  changes. 
Lode  tin.  In  mining  for  lode  tin,  as  the  upper  deposits  become  exhausted, 

excavations  are  made  to  deeper  and  older  strata  below.  The  veins 
or  fissures  containing  the  ore  are  sought  for  and  followed  as  in  copper 
mining,  the  stuff  being  brought  up  in  vertical  shafts  or  inclined  adits. 
While  the  cost  of  dressing  ore  of  a  certain  kind  can  be  estimated 
Cost  of  getting    within  moderate  limits,  the  getting  of  the  ore,  owing  to  the  erratic 

uncertain.  ^,,  ..  ,.  i,,?  ,, 

nature  of  the  deposits,  is  very  speculative,  although  increased  know- 
ledge of  the  science  of  mine  veins  has  done  much  to  reduce  the 
uncertainty. 

As  the  ore  before  dressing  generally  contains  only  a  small  propor- 

Presence  of  tin,   tion  of  tin  oxide,  I  to  4  per  cent,  embracing  the  majority  of  cases, 

the  outward  appearance  of  the  ore  does  not  always  afford  sufficient 
proof  of  its  character,  but  the  weight  of  the  ore,  as  well  as  assays 
easily  performed  with  the  blow-pipe  and  simple  chemical  tests,  de- 
clare with  certainty  the  presence  of  the  metal,  although  quantitative 
analysis  requires  great  care  and  skill.  Weight  alone  is  not  conclusive, 
as  other  minerals  of  almost  similar  weight  are  sometimes  present. 

Placer  and  stream        By  far  the  largest  proportion  of  tin  ore  is  derived  from  placers  and 

alluvial  deposits.  Such  ore  is  known  as  stream-tin,  and  is  found 
amongst  the  detritus  of  weathered  rocks  in  old  or  existing  river  beds, 
much  as  is  the  case  with  alluvial  gold.  While,  however,  alluvial  gold 
is  found  on  the  surface,  and  at  all  depths,  tin  generally  lies  below  the 
surface,  and  is  covered  in  by  a  greater  or  less  quantity  of  gravel  or 
clay,  and  sometimes  peat.  Occasionally  tin  is  found  with  some 
admixture  of  sand  in  crannies  in  the  beds  of  running  streams. 

Mining  fcr  stream        The  mining  for  stream  tin  is  conducted  in  various  ways,  depending 
**"'  on  the  depth  and  position  of  the  ore.     In  the  Malay  districts,  where 
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the  tin-bearing  stratum  is  within  lo  to  50  feet  of  the  surface,  the 
mines  are  worked  in  open  cast,  the  native  workmen  removing 
the  over-burden  by  digging,  and  the  metalliferous  deposit  or  wash 
dirt  is  carried  to  the  surface  in  baskets.  This  system  may  be 
elaborated  by  various  kinds  of  dredging  buckets,  elevators,  or  "  grabs  " 
worked  by  cranes  or  derricks,  and  sometimes  the  stuff  is  brought  up 
by  trucks  on  inclined  planes.  There  may  be  two  or  more  layers  or 
deposits  of  stream  tin,  and  these  are  generally  mined  together  unless 
the  false  bottom  of  the  upper  layer  should  be  mistaken  for  bed  rock 
or  finishing  clay,  cases  having  occurred  where  a  second  deposit  has 
for  a  long  time  been  unsuspected  or  unworked.  The  handling  of 
the  over-burden  so  as  to  minimise  the  labour  requires  careful  con- 
sideration, and  it  is  generally  endeavoured  to  so  work  forward  as  to 
deposit  the  waste  stuff  in  the  open  pit  or  quarry  previously  denuded  of 
wash  dirt.  Another  plan  is  to  work  by  shafts  or  galleries  as  in  a 
coal  mine,  so  as  to  avoid  the  excavations  of  the  upper  strata,  this 
plan  indeed  becoming  necessary  when  the  ore  lies  deep,  but  the  cost 
of  timber  supports  may  render  such  mining  unremunerative.  Some- 
times the  vertical  face  of  the  open  pit  is  undermined  by  a  jet  of  water 
as  in  hydraulic  mining,  but,  as  also  in  gold  mining,  it  is  seldom  that 
there  is  a  combination  of  circumstances  favourable  to  this  plan.  But 
even  where  the  water  is  not  of  sufficient  force  to  scour  away  the  face 
of  the  excavation,  the  tin-bearing  stuff  may  in  some  cases  be  shovelled 
into  the  water,  which  will  carry  it  to  a  convenient  sluicing  place, 
partially  separating  the  tin  oxide  in  transit 

The  tin-bearing  stuff  found  in  the  Malay  country  can  be  separated 
by  washing  and  kindred  processes,  but  "  tinstone  "  as  mined  requires 
elaborate  processes  of  washing  and  dressing,  resembling  in  some 
respects  the  treatment  of  gold,  but  with  this  among  other  differences, 
that  while  pure  or  almost  pure  gold  can  be  obtained  by  the  miner, 
the  ore  when  fully  dressed  contains  only  from  50  to  75  per  cent,  of 
tin  oxide  when  sent  to  the  smelter. 

Tin  ore  when  brought  from  the  mine  may  be  of  all  sizes,  from 
large  blocks  of  several  hundredweights  down  to  mere  sweepings  and 
fine  sand.  After  being  screened  and  sorted,  the  larger  pieces  are 
crushed  by  hammers  or  by  machine-breakers,  a  preliminary  burning 
in  heaps  being  sometimes  necessary  to  render  the  rock  friable,  and  to 
expel  the  sulphur  and  arsenic,  as  in  silver  roasting.  This  roasting  is 
almost  always  necessary  with  Cornish  tin.  Where  the  tin  ore  is  mixed 
with  copper  or  iron  pyrites,  such  pieces  have  to  be  set  aside  for 


Bringing  ore  to 
the  surface. 


Seepage  831. 


Over-burden. 


Shafts  and 
galleries. 


Hydraulic 
mining. 

See  page '^'W. 


Malay  mining. 


Ore  in  blocks, 
and  as  sand. 


Crushing. 
Roasting. 


400 


Matkesons  Aid  Book, 


[Chap.  XV. 


Sands  and  slimes, 


Variations  in 
value. 


Tin  oxides  sold 
by  units. 

Seepage  438. 


Tin  standard  in 
Cornwall. 


Price  of  Banca 
tin. 


separate  treatment,  and  the  ore  is  then  crushed  by  vertical  stamps 
in  boxes  with  water,  asin  gold  and  copper  dressing.  The  ore  after 
being  crushed  resembles  black  sand,  and  passes  with  the  water  through 
the  small  perforations  of  the  stamp  grids  or  grate  plates,  and  is  then 
subjected  to  a  series  of  separating  processes,  all  depending  on  the 
differences  of  specific  gravity  of  the  ore,  and  of  the  substances  with 
which  it  is  mixed.  Although  tin  after  smelting  is  one  of  the  lightest 
of  metals,  being  only  seven  times  the  weight  of  water,  it  is  before 
smelting  one  of  the  heaviest  of  ores,  and  this  assists  greatly  in  the 
dressing.  The  sands  and  slimes  from  the  stamp  battery  are  caught  in 
settling  tanks,  which  sort  and  partially  concentrate  them  into  coarse 
and  fine  grades.  Then  follow  further  processes  of  separation,  the 
sand  and  slimes  being  subjected  to  washings  and  siftings  with 
various  circular  and  percussive  movements.  Sometimes,  where  other 
metals  of  considerable  weight  are  combined  with  the  tin,  it  is 
necessary  to  roast  the  partly  dressed  ore,  and  then  again  to  repeat 
the  washing,  and  the  tin  when  smelted  needs  subsequent  refinings. 
Stream  tin  is  generally  much  freer  from  deleterious  metals  than  mine 
tin,  and  not  only  costs  less  to  dress,  but  it  commands  a  higher  price, 
as  purity  is  of  great  importance  in  most  of  the  uses  to  which  the 
metal  is  applied.  Thus  there  is  generally  a  difference  of  jQ2  to  jQ^ 
per  ton  between  Banca  and  Cornish  tin,  the  latter  not  being  so  suitable 
for  coating  tin  plates.  But  in  times  of  speculation,  when  there  may 
be  an  artificial  scarcity  of  one  kind,  wider  differences  occur  in  the 
current  prices. 

"The  oxide  is  sold  at  a  price  per  unit  according  to  its  richness. 
Thus  oxide  containing  70  per  cent,  of  tin  sold  at  20s,  per  unit  would 
be  worth  jQ^o  per  ton,  or  if  at  22s,  per  unit,  ^77  per  ton.  An 
official  price  or  7m  Standard  is  established  every  month  in  Cornwall. 
This  standard  is  the  amount  paid  to  the  miner  by  the  smelter  per 
hundredweight  of  metal  contained  in  the  ore  as  calculated  from  the 
results  of  a  dry  assay  after  deduction  of  i\  from  the  produce  per 
20  units  (6^  i>er  cent.)  for  rebuming  charges.  By  an  old  trade 
custom  there  is  also  a  deduction  on  the  weight  of  the  parcel  of  tin 
ore  of  3  lb.  per  cwt.  It  is  customary  to  reckon  the  price  by  the 
nearest  eighth  of  a  ;^  above  or  below  the  calculated  price.  In  the 
London  metal  market  the  price  current  for  Banca  tin  was  long  the 
standard  for  foreign  tin,  and  Cornish  tin  is  divided  into  common^ 
superior  and  refined.  But  since  1890  tin  is  designated  Australian, 
Straits,  English,  or  otherwise. 
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Tin  mining  is  speculative  until  the  mines  have  been  well  pro^ 
spected  and  the  position  and  richness  of  the  deposits  proved  sufficiently 
in  advance  to  justify  the  establishment  of  powerful  plant.  The 
degree  of  richness  which  will  repay  the  getting  and  dressing,  obviously 
depends  on  the  cost  of  these  operations.  After  the  expense  of  exca- 
vation and  getting  have  been  defrayed,  a  constant  and  sufficient 
supply  of  water  for  dressing  the  ore  is  required,  and  if  the  water  is 
not  only  abundant  but  has  a  fall  or  gravity  force,  it  can  be  used  also 
as  power.  It  is  in  this  way  that  some  of  the  tin  mines  in  Cornwall 
and  Devonshire,  too  poor  to  allow  the  cost  of  steam  power  when  the 
value  of  tin  had  fallen  as  just  described,  continued  to  be  worked. 
Ore  containing  as  little  as  one  per  cent,  of  tin  has  in  favourable  cases 
left  a  slight  profit  in  the  current  expenses  of  working,  but  has  afforded 
no  interest  on  sunk  capital.  Some  of  the  most  remunerative  mines 
have  been  those  where  the  original  capitalists  have  abandoned  or  sold 
cheaply  the  plant,  workings  and  other  results  of  their  ex])enditure,  so 
that  the  new  comers  have  little  or  nothing  to  pay  beyond  the  daily 
working  expenses  and  the  repairs  of  the  machinery.  Tin  mining  will 
sometimes  repay  those  who  are  content  with  small  wages,  where  it  is 
quite  unremunerative  to  ordinary  enterprise.  The  Chinese  workers 
in  the  Malay  Peninsula  and  in  Australia,  like  their  countrymen  in  the 
gold  districts  of  California,  thus  continue  after  Europeans  have  ceased 
working ;  and  as  the  Chinese  masters  generally  make  a  profit  on  the 
provisions  sold  to  their  workmen,  Europeans  who  do  not  adopt 
this  truck  system  may  fail  even  when  they  are  p)aying  the  same  low 
wages. 

Calculations  of  profit  and  loss  obviously  depend  on  the  current 
price  of  tin,  and  the  mining  industry  of  a  district  flourishes  or  fails 
accordingly.  Thus  in  Cornwall  many  of  the  mines  formerly  worked 
at  a  profit,  and  which  afterwards  ceased  working,  remain  still  un- 
exhausted till  cheaper  modes  of  working  or  improved  prices  again 
allow  of  profit. 
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Gem-Mining,  or  the  winning  of  precious  stones,  may  be  broadly 
classed  under  two  heads  : — 

(a)  Where  the  stones  have  to  be  quarried  or  mined  for  in  the 
ordinary  sense  of  the  term. 

(p)  Where  the  stones  are  found  on  or  near  the  surface  in  deposits 
of  alluvial  gravel  generally  with  considerable  admixture  of  clay,  and 
where,  after  the  actual  operations  of  mining,  the  labour  of  securing 
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them  consists,  first  in  washing  off  the  clay  and  lighter  portions  of  the 
gravel,  and  then  in  picking  over  the  remainder  for  the  few  precious 
stones  it  may  contain. 

There  are  few  gems  which  cannot  by  their  occasional  occurrence 
be  said  to  come  under  both  the  above  headings,  but  the  following 
classification  may  still  be  deemed  broadly  correct  for  the  purposes  of 
the  miner. 

Under  the  first  head  {a)  may  be  classed  the  Diamond  as  found, 
and  found  only,  in  South  Africa.  A  typical  South  African  Diamond- 
mine  consists  of  a  more  or  less  circular  "  pipe,"  which  probably 
once  formed  the  vent  or  crater  of  an  ancient  mud  geyser.  These 
geysers  seem  to  ,have  punched  their  way  up  from  below  through  the 
overlying  quartzites,  shales  and  other  rocks,  and  after  spouting  over 
the  surface,  to  have  become  inactive,  leaving  these  pipes  thus  filled 
with  mud.  In  course  of  ages  the  surface  has  been  denuded,  leaving 
little  or  no  indication  of  volcanic  action,  and  the  mud  contents  of 
the  pipe  have  become  indurated  and  otherwise  altered  into  a  solid 
mass  of  brecciated  rock,  now  hard  enough  to  necessitate  blasting  to 
break  it  out,  and  locally  known  as  the  "  blue."  Such  are  the 
celebrated  Diamond-mines  of  Kimberley,  De  Beers,  and  others 
well  known  in  Cape  Colony  and  the  Orange  Free  State,  and  it  is  in 
the  "  blue,"  with  its  upper  stratum  of  "  yellow  "  ground,  but  never  in 
the  surrounding  rocks,  locally  termed  the  "  reef,"  that  the  diamonds 
are  found.  In  the  earlier  stages,  and  in  the  softer  yellow  ground, 
these  pipes  are  mined  "  open  cast,"  but  as  depth  increases  the 
reef  falls  in,  and  shafts  have  to  be  sunk  in  the  solid  surrounding 
rocks,  from  which  headings  are  driven  into  the  "  blue "  at  various 
levels  below.  The  1897  report  of  the  De  Beers  Company  gives  the 
depth  of  the  workings,  both  at  Kimberley  and  De  Beers  mines,  as 
1200  feet.  Great  quantities  of  garnets,  as  well  as  zircons  and  some 
other  stones,  are  found  with  the  diamonds,  but  they  have  no  com- 
mercial value.  The  "  blue  "  ground  when  first  raised  to  the  surface 
Depositing  floors,    is  Spread  out  on  weathering  grounds,  known  as  "  depositing  floors," 

where,  by  occasional  watering  and  the   action  of  sun   and  air,  it 
gradually  decrepitates,  and  after  the  lapse  of  some  months  becomes 
fit  to  send  to  the  washers. 
Emeralds.  The  Emerald,  which  comes  under  class  {a)^  occurs  generally  in 

pockets  in  hard  limestones,  and  has  to  be  mined  for ;  and  Turquoise 
is  won  in  much  the  same  manner  in  the  form  of  nodules.     Veins 
Opals.  of  Turquoise  are  occasionally  found.     The  Opal  also,  being  a  vein 


Depth  of  blue. 


Part  I.] 


Gem  Mining. 


403 


stone,  is  to  be  sharply  distinguished  from  other  precious  stones  which 
are  found  as  individual  crystals.  It  occurs  in  this  manner  in  some 
surrounding  rock,  which  has  to  be  quarried,  the  thin  veins  of 
"  precious  opal "  being  afterwards  broken  out  of  the  fragments. 

(b)  Under  the  second  category  comes  the  Diamond  as  found  in 
the  older  mines  of  India  and  Brazil,  and  in  later  years  in  Australia 
and  a  few  other  places.  Nota  :ly  also  the  entire  corundum  group, 
the  Ruby,  Sapphire,  oriental  Amethyst  and  oriental  Emerald.  To  it 
may  be  added  the  Spinel  and  Balas-ruby,  the  CatVeye,  Garnet, 
Zircon,  Topaz,  Tourmaline,  and  others.  These  are  found  amid  the 
debris  of  what  were  once  no  doubt  beds  of  compact  rock  long 
since  denuded,  their  constituent  minerals  having  been  washed  down, 
forming  beds  of  gem-bearing  gravels  in  valleys  far  below  their  old 
positions.  Such  are  the  Ruby  and  Sapphire-mines  of  Burma,  Siam, 
Kashmere  and  Ceylon,  in  most  of  which  the  less  valuable  of  so-called 
coarse  gems  mentioned  above  are  also  found.  Such,  too,  are  the 
Ruby  and  Sapphire-mines  of  North  America,  and  the  Diamond-mines 
of  Brazil  and  Australia.  Stones  of  the  Emerald  class  are  also  found 
in  alluvium,  but,  being  comparatively  soft,  they  suffer  severely  from 
the  grinding  action  to  which  they  are  subjected,  and  seldom  survive  to 
any  important  extent.  Gold  is  frequently  found  in  paying  quantities 
in  gem-bearing  alluvials,  and  should  al^'ays  be  sought  for. 

Not  until  the  development  of  the  Diamond-mines  of  South 
Africa  was  engineering  skill  applied  on  any  considerable  scale  to  the 
systematic  winning  of  precious  gems.  In  these  mines,  though  there 
has  been  large  outlay  on  plant  and  machinery  for  the  ordinary 
mining  operations  of  excavating,  pumping,  winding,  hauling  and 
breaking  up  the  blue  ground,  much  still  remains  to  be  done  in  the 
direction  of  eliminating  hand  labour,  and  therefore  the  opportunities 
for  theft  at  the  various  stages  of  the  work.  By  extraordinary  legis- 
lation and  elaborate  systems  of  search  rigorously  enforced,  much  has 
been  done  in  South  Africa  to  check  theft  on  the  one  hand,  and  still 
more  so  on  the  other  to  render  the  task  of  disposing  of  stolen 
diamonds  difficult,  but  in  alluvial  gem-mining,  where  the  deposits 
are  spread  over  large  tracts  of  open  country,  such  methods  are  of 
little  avail.  Unless  machinery  is  employed  which  may  be  relied  on 
to  extract  the  gems  with  little  intervention  of  hand  labour,  this  class 
of  mining  must  remain,  as  it  has  done  hitherto,  in  the  hands  of 
natives  working  in  a  small  way  only  and  with  the  most  primitive 
appliances.     The  winning  of  precious  stones  differs  from  every  other 
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kind  of  mining  enterprise  in  that  the  prize  sought  for  is  of  such  small 
hulk  and  such  immense  value  in  comparison  to  its  bulk  as  to  render 
it  essential  to  success  that  there  should  be  no  loss,  since  the  theft  of 
a  few  stones  only  may  determine  the  success  or  failure  of  large 
enterprises.  Losses  by  peculation  occur  even  in  gold  mining,  where 
the  precious  metal  is  generally  finely  disseminated  through  the  gravel 
or  reef  and  there  is  little  opportunity  for  theft,  as  the  actual  dressing 
and  concentration  are  performed  in  machines  to  which  a  few  trust- 
worthy persons  only  need  have  access.  Still  the  loss  of  a  few  nuggets 
or  a  little  amalgam,  while  reducing  the  profits  of  a  gold-mine  to  a 
small  extent,  does  not  materially  do  so.  In  mining  for  Gems,  on 
the  other  hand,  the  theft  of  a  few  stones  may  involve  a  loss  of  many 
thousands  of  pounds.  Hence,  the  necessity  for  the  employment  of 
machinery  that  will  prevent  such  losses. 

The  high  specific  gravity  of  gold,  approximating  as  it  does  to  8  to 
I  of  the  reef  or  gravel,  and  thus  rendering  mechanical  separation 
of  the  two  easy,  is  wanting  in  precious  stones,  where  the  difference  is 
seldom  more  and  often  less  than  as  4  is  to  3. .  Ingenious  devices  for 
the  utilisation  of  this  small  difference  of  specific  gravity  are,  how- 
ever, now  available  for  the  separation  without  handling,  of  diamonds, 
rubies  or  other  gems  from  the  valueless  gravel  with  which  they  are 
associated.  Such  gravels,  after  being  washed  and  screened  to  free 
them  from  clay  and  fine  sand,  are  graded  into  suitable  sizes  and  then 
passed  through  mechanical  separators  which  deposit  the  gems  they 
contain  in  locked  receptacles  with  only  a  much  reduced  mixture  of 
worthless  minerals.  The  final  selection  of  the  gems  from  such  a  close 
concentrate  can  be  entrusted  to  a  few  trustworthy  persons,  whereas 
to  hand-pick  great,  quantities  of  concentrates  very  many  would  have 
to  be  employed. 

For  want  of  some  such  process  as  the  above,  mining  on  a  large 
scale  by  deputed  labour  has  failed  even  where  the  success  of  native 
workers  has  proved  the  existence  of  gems  in  payable  quantities,  and 
where,  in  all  probability,  the  application  of  machine  processes,  if 
they  had  been  available,  would  have  increased  the  percentage  of  gems 
secured. 

In  prospecting  for  gems  the  probabilities  of  profit  must  not  be 
measured  by  the  quantity  of  gems  found,  as  the  real  average  quantity 
depends  on  the  careful  working  of  a  considerable  volume  of  gem- 
bearing  ground.  The  speculative  element  in  the  enterprise  lies  in  the 
expenses  of  development  on  a  large  scale.     It  is  necessary,  however, 
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to  ascertain  at  an  early  stage  the  real  quality  and  value  of  the  stones 
met  with,  for  many,  though  coming  strictly  within  the  category  of 
gem-stones,  have  little  or  no  marketable  value. 


In  the  summary  description  given  in  the  preceding  pages  of  dif- 
ferent branches  of  mining,  the  methods  and  Machinery  used  have  been 
incidentally  referred  to.  Apart  altogether  from  the  main  elements  of 
success  in  mining  ventures,  such  as  the  presence  of  the  mineral  and  its 
value  when  brought  to  market,  mining  enterprise  depends  largely  for 
its  success  on  the  proper  selection  of  appliances  for  working  the  mines 
and  dealing  with  the  minerals.  It  is  impossible  here  to  deal  with  so 
wide  a  question  as  the  Machinery  of  mining,  but  some  points  may  be 
touched  on  which  more  or  less  affect  the  choice  in  all  cases. 

Those  who  are  on  the  spot  and  are  responsible  for  the  working  of 
the  mine  are  presumably  best  able  to  decide  on  the  methods  required, 
for  a  choice  based  on  the  mere  theories  of  those  at  a  distance  is  liable 
to  error.  But  where  not  only  the  choice  but  the  actual  designing  of 
machinery  is  entrusted  to  a  local  superintendent,  he  may  fail  because 
he  may  not  be  acquainted  with  what  is  latest  and  best  for  the  purpose 
in  view,  or  because  skill  in  mining  operations  is  not  always  associated 
with  skill  in  the  designing  of  machinery.  A  more  frequent  cause  of 
error  occurs  where — though  it  is  desired  to  take  advantage  of  the 
knowledge  of  manufacturers  in  special  kinds  of  plant — there  is  a  want 
of  accord  between  those  who  purchase  and  those  who  sell.  This 
arises  mainly  from  the  incomplete  information  sent  from  one  to  the 
other.  The  following  brief  classification  of  mining  plant  may  assist 
in  the  proper  setting  forth  of  what  is  wanted,  and  in  regard  to  all  or 
any  of  the  classes  it  is  desirable  to  state,  for  the  assistance  of  those  on 
whom  the  design  or  choice  depends — 

1.  The  general  Purpose  in  view,  whether  temporary  or  per- 
manent, the  kinds  of  mineral  sought,  and  the  scope  or  extent  of  the 
scheme. 

2.  The  Class  or  classes  of  mining  appliances  which  are  wanted 
amongst  those  enumerated,  I.  to  VI.  on  the  following  pages. 

3.  The  kind  of  Workmen  or  others  to  whom  the  machinery  or 
plant  will  be  entrusted. 

4.  Climatic  reasons  for  or  against  particular  kinds  of  material ; 
scarcity  or  abundance  of  fuel,  water,  or  labour. 

5.  The  facilities  or  difficulties  of  Transport 

Mining   machinery   and   appliances   may  be   divided    into    the 
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following  classes,  in  each  of  which  points  have  to  be  regarded  besides 
the  general  ones  just  enumerated. 

I.  Prospecting  and  Exploring  apparatuses  include  those  for  survey- 
ing, boring,  crushing,  and  assaying.  A  survey  may  be  necessary  to 
ascertain  and  record  the  position,  stratification  and  dip  of  rocks  and 
reefs  which  hold  or  conceal  the  mineral;  but  a  survey  should  also 
ascertain  and  delineate  the  plan  and  contour  of  the  ground  suffi- 
ciently to  assist  a  decision  regarding  roads,  trams,  railways,  or  water- 
courses. A  wise  expenditure  on  a  survey  will  often  save  enormous 
expense  afterwards.  It  is  necessary,  in  order  to  choose  the  most 
suitable  instruments,  to  obtain  beforehand  as  much  geological  informa- 
tion as  is  available  concerning  the  district,  the  probable  stratification 
of  the  ground,  and  the  depth  to  which  it  is  intended  to  bore.  A  small 
set  of  boring  tools  and  a  prospector's  hand-crushing  machine  will 
then  allow  of  the  necessary  preliminary  investigation. 

The  selection  of  Assaying  apparatus  will  depend  mainly  on  the 
kind  of  mineral  and  of  the  rock  which  holds  it,  on  the  thoroughness 
with  which  the  investigation  is  to  be  made,  and  on  the  qualifications 
of  the  explorer.  Generally,  preliminary  proving  only  is  necessary  for 
prospecting,  leaving  a  more  precise  quantitative  analysis  to  be  made 
afterwards  and  elsewhere  if  required. 

II.  Machinery  and  Tools  for  Sinking,  Excavating,  Getting,  and 
Hoisting,  are  seldom  purchased  till  a  preliminary  investigation  has  dis- 
closed the  probabilities  of  obtaining  the  mineral  within  a  certain 
moderate  range  of  depth,  and  the  nature  of  the  ground  to  be 
encountered.  The  expense  that  can  be  prudently  incurred  in  sinking 
any  one  shaft  depends  a  good  deal  on  the  general  scheme,  and  on  the 
extent  of  ground  from  which  it  is  proposed  to  bring  the  mineral  and 
spoil,  by  galleries,  or  otherwise,  through  the  one  shaft.  There  is  an 
immense  variety  of  boring  tools  for  dealing  not  only  with  various 
strata,  but  with  the  accidents  and  incidents  of  boring.  Among  such 
tools  are  improved  percussion  rock  drills  (used  mainly  as  adjuncts  to 
explosives),  diamond  drills  and  excavating  grabs.  These  and  other 
modem  tools  are  used  with  or  without  the  older  kind  of  drills  worked 
from  derricks.  These  derricks  and  other  pit-head  framing  may 
generally  be  built  at  the  mine  if  timber  can  be  obtained,  leaving  only 
the  ironwork  and  machinery  to  be  brought  from  a  distance,  but  there 
are  cases  where  it  is  advisable  to  construct  all  the  framings  of  iron  or 
steel.  If  steam  power  is  to  be  employed,  the  choice  of  engine  will 
depend  a  good  deal  on  whether,  as  in  a  small  undertaking,  it  will  have 
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to  be  applied  to  various  purposes,  such  as  drilling,  winding,  pumping, 
and  crushing,  or  whether  separate  engines  will  be  employed ;  while  the 
boilers  must  be  such  as  can  be  transported  to  the  mine,  and  as  will 
suit  the  fuel  and  water  available.  Information  on  all  these  points 
should  therefore  be  furnished  to  those  concerned  in  supplying  the 
machinery. 

III.  Mining  and  Drainage  Pumps^  with  their  various  accessories, 
are  frequently  one  of  the  greatest  causes  of  expense  in  mining 
operations,  and  a  wise  selection  of  the  machinery  is  of  the  utmost 
importance.  There  is  an  endless  variety  of  pumps,  and  only  on  the 
fullest  information  of  all  the  circumstances  of  the  case  can  a  proper 
choice  be  made.  While  the  unwatering  of  a  mine  is  often  the  cause 
of  anxiety  and  loss,  a  supply  of  water  for  the  steam  boilers  and  for 
the  separation  of  the  mineral  may  be  equally  essential  to  success. 
The  conveyance  and  storage  of  water  may  have  to  be  dealt  with. 
If  pipe  lines  are  required,  the  hydraulic  head  or  pressure  must  be 
stated.     Ventilating  fans  are  specially  needed  in  collieries. 

IV.  The  machinery  and  plant  for  Dressing  the  ore,  namely  for    Separating  plant 
separating  the  mineral  from  the  ore  or  matrix  which  contains  it,  is  of 

infinite  variety,  but  may  be  broadly  subdivided  into — 

{a)  Machinery  for  Screenings  breaking^  stamping,  and  grinding, 
{b)  Apparatus  for  mechanical  Separation  by  the  aid  of  air,  water, 
or  mercury. 

{c)  Chemical  plant,  such  as  for  chlorination  or  for  the  cyanide 
process  of  recovering  gold. 

{d)  Smelting  and  refining  plant. 

It  is  important  to  give  the  fullest  description  of  the  ore,  not  only 
in  regard  to  its  probable  constituents  as  disclosed  by  analysis,  but 
also  in  regard  to  its  mechanical  condition  and  moisture  when  brought 
to  the  surface,  and  the  extent  to  which  separation  is  to  be  carried  on 
at  the  mine.  In  this  branch  of  mining  operations  due  accord  should 
be  maintained  in  the  number  and  extent  of  machines  for  each  stage  of 
the  process.  It  may  appear  advantageous  to  do  certain  work  on  a 
large  scale,  but  unless  a  corresponding  supply  of  ore  is  kept  up  from 
the  mine,  and  sufficient  machines  for  the  after  processes  are  available, 
the  superfluity  of  plant  for  the  one  stage  may  be  a  considerable  cause 
of  loss. 

V.  Transport,  and  its  importance  in  mining  operations,  has 
been  already  referred  to,  and  the  cost  of  providing  transport,  if 
it  be   investigated   at   the   commencement,   may   be   the   principal 
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circumstance  in  determining  whether  further  progress  is  expedient. 
Cart-roads,  or  aerial  ropeways,  tramways,  railways,  bridges,  tunnels, 
rolling  stock,  canals,  harbours,  landing  piers,  lighters,  and  vessels, 
embrace  the  great  variety  of  works  and  apparatus  that  may  have  to  be 
dealt  with  as  mining  adjuncts.  In  the  mine  itself,  as  well  as  when 
the  mineral  or  spoil  is  brought  to  the  surface,  the  choice  of  method 
depends  primarily  on  the  kind  of  mineral  or  material  to  be  carried, 
the  quantity  in  a  given  time,  the  distance,  the  gradients,  the  means 
already  available  and  the  obstacles  that  intervene.  But  before  dis- 
cussing what  may  be  the  best,  the  preliminary  question  arises  as  to 
the  permanency  or  otherwise  of  the  enterprise.  The  construction  of 
a  railway  or  jetty  may  obviously  allow  a  saving  over  existing  means 
of  carriage  or  shipment,  but  it  must  be  seen  how  far  the  saving  will 
repay  the  capital  expenditure  in  a  reasonable  time  or  before  the 
minerals  are  exhausted. 

VI.  Workshops^  Houses^  and  Tools  are  among  the  subsidiary  plant 
required  at  a  mine.  The  choice  of  these  depends  on  the  extent  of 
the  operations  as  measured  by  the  quantity  of  mineral  dealt  with,  the 
number  of  workmen  to  be  provided  for,  and  on  the  number  and  kind 
of  machines  and  rolling  stock  which  have  to  be  kept  in  repair.  But 
there  is  also  the  question  of  locality,  for  if  there  be  easy  communica- 
tion with  towns  or  places  where  repairs  can  be  effected,  it  may  be 
only  necessary  to  have  a  smithy  and  carpenter's  shop  at  the  mines. 
On  the  other  hand,  where  the  mining  plant  is  very  extensive,  or  where 
no  outside  aid  can  be  depended  on,  a  greater  variety  of  tools  and 
plant  may  have  to  be  provided  at  the  mines  for  repairs  and  renewals. 


\See  also  Concessions  :  The  Commerce  in  Coal,  Iron,  and 
Steel  :  Steam  Engines  :  Pumps  :  Boring  Tools  :  Pipes  :  Tanks.] 


END   OF    PART    I. 


PART    11. 


CHAPTER   XVI. 

CONTRACT  AND   PURCHASE   IN   THE   ENGINEERING   TRADES. 

The    questions    which    arise  Qucttiom  >riiini 

out    of    contracts    for     public       more  complei 

works  and  the  various  other       "tridei.""^ 
enterprises  which  depend  upon 
engineering     skill    for     their 
achievement,    are    frequently 
more  complex  than  those  con- 
nected with  the  purchase  of  ordinary  commodities.     It  is  intended  in   intention  of  thii 
the  following  pages  to  classify  the  principal  methods  in  which  pur- 
chases and  contracts  are  arranged,  and  while  avoiding  purely  legal 
considerations,  to  draw  attention  to  some  of  the  more  important  cir- 
cumstances connected  with  them,  both  in  regard  to  transactions  com- 
pleted in  the  country  of  purchase  and  those  in  which  the  incidents  of 
export  have  an  important  place. 

It  is  the  almost  invariable  practice  to  arrange  prices  and  con-  Pricu  ■rranfcd  in 
ditions  at  the  commencement ;   and  although  there  are  certain  trans- 
actions in  which  exact  pre-arrangement  is  impossible,  the  leaving  of 
price   or  remuneration  to  be    settled   after  completion  occurs  now 
more  rarely   than  formerly.    The   necessity  for  such   preliminary      ReHoni  for 
agreement  arises  not  only  from  the  desire  of  a  purchaser  to  know  P"""""*""""  ■ 
how  much   he  will  eventually  have  to  jay,  but  to  enable  him   to 
choose  between  competing  sellers,  whose  offers  can  only  be  compared 
by  knowing  them  at  the  outset.     It  is  evident,  however,  that  mere    compari*on  of 
comparison  of  prices  will  not  alone  allow  of  a  fair  judgment  between  ?"«•■ 

them.     Competitive  prices  must  either  be  based  on  precisely  similar 
conditions,  or  the  purchaser  must  be  aware  of  the  differences,  and 
have  some  standard  by  which  to  judge.     For  the  present  purpose  it     Bariaim  have 
may  be  said  that  bargains  for  the  purchase  of  commodities  or  the  ''" 

performance  of  works  have  three  essential  parts  :    the  agreement  or  i.  Agreement  to 
contract  to  sell  or  buy,  technical  and  other  conditions,  and  measures ».  TVchniui  «on- 
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3.  Measure    of 
price. 
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Seepage  435. 

Seepage  427. 

Seepage  430. 
Seepage  43a. 
Seepage  438. 
Seepage  440. 

Seepage  i^^x. 

Contracts  made  by 
letter  only. 


Commerce 

hindered  by 

elaborate 

documents. 


Formal  documents 
evolved  by 
recurrence. 


Instances. 


Common  la^r 
and  custom. 


of  price.  The  agreement  or  contract  is  sometimes  merely  verbal, 
more  usually  by  interchanged  letters,  and  sometimes  by  formal  deed. 
The  technical  conditions  of  the  commodity  or  works  are  described  or 
implied  either  by 

1.  Specification  or  Description  furnished  by  the  Buyer. 

2.  Specification  or  Description  furnished  by  the  Seller. 

3.  Sample. 

4.  Reputation  or  Trade  Mark  of  the  Seller. 
The  payment  or  measure  of  price  is  either — 

a.  A  Sum  of  Money. 

b.  According  to  Schedule  Rates. 

c.  By  Units  of  Contents. 

d.  By  Results  accomplished. 

e.  By  Measure  and  Value. 

In  regard  to  the  first  essential — the  agreement  to  sell  and  buy — 
a  large  proportion  of  British  contracts  are  made  in  the  most  simple 
manner  by  the  interchange  of  letters,  one  letter  offering  to  sell 
certain  goods  or  to  carry  out  certain  works  for  a  specified  sum  of 
money  or  other  consideration,  and  a  return  letter  accepting  such 
offer.  Or  the  method  may  be  reversed,  the  purchaser  making  an 
offer  and  the  seller  accepting  it.  Extensive  commerce  could  not  be 
carried  on  if  every  transaction  needed  an  elaborate  contract  docu- 
ment or  the  intervention  of  a  lawyer;  and  the  simplicity  of  the 
British  system  compares  favourably  with  the  formal  and  tedious 
contracts  adopted  on  the  Continent  more  often  than  in  Great  Britain, 
and  which  are  apt  to  repel  those  unaccustomed  to  them. 

Formal  or  legally-drawn  documents  are  usefully  applied  in  the 
transfer  of  leading  commodities,  where  transactions  of  a  similar  kind 
continually  recur ;  use  and  custom  having  led  by  a  gradual  process 
to  the  elaboration  of  forms  of  contract,  or  precise  clauses,  to  meet 
contingencies  suggested  by  past  experience.  The  printed  bought- 
and-sold  note  of  an  iron-broker,  the  charter-party  and  bill-of-lading 
of  a  ship-owner,  are  instances  in  point ;  but  in  the  more  frequent 
transactions,  for  which  there  is  no  exact  precedent,  such  elaboration 
is  wanting,  and  the  essentials  being  stated,  secondary  conditions  are 
only  implied  or  understood,  leaving  to  the  common  law  and  custom 
the  inferences  involved.  If  such  a  method  of  business  resulted  in 
vague  or  ill-defined  contracts,  it  could  not  be  justified,  and  en- 
gineers or  others  whose  duty  it  is  to  draw  up  agreements  should, 
unless  they  have    good  precedents  to  guide  them  or  accumulated 
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experience  of  their  own,  be  assisted  by  legal  advisers.  But  those 
who  are  accustomed  to  the  commerce  of  the  engineering  trades  are 
generally  able  to  put  into  a  binding  and  explicit  form  the  bargain  simple  methods 

proved 

they  have  made;    the  sufficiency  of  such  forms  would  appear  to        sufficient, 
be  proved  by  their  frequent  adoption,  and  by  the  small  proportion  of 
them  that  are  the  subject  of  after  litigation. 

For  undertakings  of  large  extent,  or  which  are  likely  to  be  pro-    Care  at  ouuet. 
tracted,  it  is  endeavoured  usually,  by  great  care  and  consideration  at 
the  outset,  to  avoid  after-disputes ;  but  in  all  contracts,  large  or  small, 
care  should  be  taken  to  set  forth  all  the  essential  conditions,  to  avoid 
ambiguity,  and  to  make  the  documents — letters,  or  more  formal  agree- 
ments, as  the  case  may  be — explicit  and  self-contained.     But  letters  Ambiguity  to  be 
make  a  satisfactory  contract  only  when  complete  in  this  simple  form ;        *^°*  * 
not  so  when  the  terms  of  agreement  are  distributed  through  numerous 
letters  or  a  protracted  correspondence.     If  at  the  time  of  agreement     Or  too  many 
the  usage  in  previous  transactions  qualify  or  extend   the  apparent 
meaning  of  written  conditions,  such  elucidation  should,  if  possible, 
be  added  or  embodied  in  writing  while  all  are  agreed,  or  at  any  rate 
the  words  "  as  customary  "  be  employed.     If  in  previous  transactions         verbal 
between  the  same  party  a  custom  has  been  established,  such  a  phrase     **"*  * 
may  serve,  but  if  a  common  "  custom  of  the  trade  "  is  meant,  then  it 
will  be  binding  only  on  proof  that  it  is  universally  adopted  and  acted 
on  in  the  trade.     Accuracy  in  stipulations  of  this  kind  is  esj)ecially   se«  aUo  ^ge  ^77, 
necessary  where  the  two  parties  to  a  contract  are  not  equally  informed 
as  to  the  usage,  or  are  doing  business  together  for  the  first  time. 

The  agreement  to  sell  and  buy  is  conveniently  kept  distinct  from       Agreement 
the  detailed  conditions  ;  and  just  as  a  short  form  of  tender  and  still     VpcSSfatfon? 
shorter  acceptance  of  it  may  refer  to  the  most  elaborate  specification, 
and  also  even  where,  instead  of  such  a  simple  arrangement,  formal 
contract-deeds  bind  buyer  and  seller  to  a  bargain,  it  is  usual  and  con- 
venient that  the  specification  of  technical  conditions  should  be  kept 
distinct.     But  a  contrary  custom  often  prevails,  and  the  general  con-  Contrary  method, 
ditions  or  framework  of  a  contract  are  mixed  up  with  the  descriptive 
particulars  which  more   properly  pertain   to   a   specification.     This 
method  prevails  oftenest  when  the  conditions  are  stated  according  to 
the  first  method  in  the  category  on  page  412. 

{t)  A  Specification  or  Description  furnished  by  the  Buyer  may  be  said      Specification 
to  imply  that  the  buyer  knows  what  he  wants  and  describes  it ;  leaving     *^buycr  ^may*' 
the  seller  no  choice  but  to  supply  what  is  so  described.     A  specifi-  **or?e8uit^orSy?* 
cation  may,  however,  be  limited  to  a  description  of  a  purpose  in  view 
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or  results  to  be  obtained,  leaving  the  seller  either  free  scope  in  the 
manner  of  performing  it,  or  necessitating  on  his  part  also  a  specifi- 
cation to  show  what  is  intended,  and  to  allow  a  choice  between 
competing  sellers.  So  far  as  a  buyer  specifies  his  wants,  he  relieves  a 
seller  of  responsibility  in  the  choice,  imless  the  contrary  be  explicitly 
Responsibility    declared.     A  specification  may  consist  only  of  a  brief  description,  or 

a  drawing,  or  a  mere  sketch ;  but  if  such  be  the  basis  of  a  contract, 
it  will — so  far  as  it  goes — declare  where  the  responsibility  rests.  There 
are  two  well-known  kinds  of  contract — first,  a  customer  might  ask  a 
manufacturer  to  make  a  machine  according  to  a  given  plan,  or 
according  to  a  plan  supplied  by  the  customer ;  in  that  case  the 
manufacturer  would  only  have  to  make  the  machine  according  to 
the  plan  and  in  a  workmanlike  manner.  Secondly,  a  customer 
might  ask  the  manufacturer  to  make  a  machine  for  a  particular 
purpose,  not  supplying  any  plan,  but  leaving  it  to  him  to  make 
it  for  that  purpose;  in  that  case,  unless  the  contrary  was 
expressly  stated  in  the  contract,  the  manufacturer  would  have  to 
make  a  machine  fit  for  that  purpose.  Further,  if  a  manufacturer 
undertake  to  supply  a  machine  of  his  own  designing  as  capable  of 
doing  certain  work,  he  is  not  relieved  from  responsibility,  if  it  fails  to 
do  the  work,  because  the  buyer  has  ordered  alterations  not  considered 
desirable  by  the  seller,  unless  the  seller  objects  to  them  at  the  time  and 
Undue  risks  refuses  to  make  them  unless  relieved  from  his  responsibility.  A  buyer 
impose   on  se  er.  g^jj^g^jj^^g  seeks,  but  improperly,  to  decide  himself  upon  the  method 

and  yet  to  lay  the  responsibility  on  the  seller.   Thus,  an  engineer  may 

design  a  bridge,  and  may  make  the  manufacturer  not  only  responsible 

for  following  the  drawings  and  giving  materials  and  workmanship  of 

insunces.       prescribed  kinds,  but,  in  addition,  he  may  stipulate  that  the  bridge 

shall,  under  a  certain  test  load,  only  bend  to  a  specified  amount,  or  that 

one  span  of  the  bridge,  if  it  be  tested  to  destruction,  shall  break  only 

with  a  certain  load.     Or  a  steam  engine  of  certain  dimensions  may 

be  designed  by  the  purchaser  or  his  engineer,  and  a  certain  working 

pressure  and  speed  prescribed  by  him,  and  the  manufacturer  be  called 

upon  to  warrant  an  effective  horse-power  of  a  certain  amount.     A 

Such  liabUities    manufacturer  who  accepts  such  liability  may  be  bound  to  it,  but  in  such 

inexpedient.      ^  ^^^^  j^^  ^^^  pledged  not  Only  his  ability  as  a  manufacturer,  but  his 

own  skill  as  an  engineer  to  verify  the  calculations  of  the  designer. 
If,  without  attempting  to  verify  the  calculations,  he  rests  content  on 
his  belief  in  the  ability  of  the  purchaser's  engineer,  and  the  bridge  or 
engine  fail  to  reach  the  specified  test — not  through   any  defect  of 
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manufacture,  but  because  the  methods  and  the  results  are  shown  to 

be   irreconcilable — the  manufacturer  will  have  to  bear  the   loss. 

Probably,  however,  in  such  a  case,  the  terms  in  which  he  contracted    And  of  doubtful 

would  have  to  be  very  strictly  weighed  before  such  unwisely  assumed 

responsibility  would  be  enforced  by  a  legal  tribunal. 

In  a  specification  of  the  buyer,  it  is  generally  inexpedient  to  de-  Buyer  should  not 
scribe  the  details  of  workmanship  or  the  methods  to  be  therein  pur-  ^^^^.    *"** 
sued,  unless  on  the  basis  of  a  full  knowledge  of  the  subject ;  for  the 
mistakes  or  discrepancies  which  are  likely  to  result  will  afford  room 
for  disputes  and  evasions.     It  is  much  better  in  such  a  case  to 
describe  as  clearly  as  possible  the  ultimate  object  in  view,  and  only 
in  general  terms  the  quality  that  is  desired,  thus  putting  upon  the  But  results  only, 
contractor  the  responsibility  of  doing  what  is  evidently  demanded. 
The  force  of  such  general  terms  is  weakened  by  adding  detailed  in- 
structions, unless  the  latter  be  very  complete,  because  their  presence 
in  regard  to  some  parts  implies  that  the  contractor  is  to  look  to  the 
specification  for  instructions,  and  that,  where  absent,  no  particular 
methods  are  desired.     But  there  are  cases  where  the  opposite  plan 
is  preferable.     Thus,  there  may  be  some  article  which  can  only  be     opposite  plan 
tested  by  long  use,  and  any  composition  or  method  of  manufacture       expedient! 
which  has  proved  best  in  the  past  may  be  prescribed  with  advantage. 
The  alloy  for  an  engine-shaft  bearing,  or  the  brand  of  iron  for  a       instances, 
boiler  is  sometimes  specified  with  much  minuteness  where  seemingly 
more  important  details  or  conditions  are  left  to  the  manufacturer. 

The  advantage  to  the  buyer  of  affording  a  full  knowledge  to  the     Buyer  should 
seller  of  what  he  will  be  called  upon  to  do  under  an  anticipated  con-  knowledge  of  his 
tract  is  so  well  understood  by  those  experienced  in  such  transactions, 
that  much  trouble  and  expense  are  frequently  bestowed  on  the  cal- 
culations beforehand  of  the  scope  or  extent  of  a  coming  undertaking. 
Buyers  do  not  always  recognise  what  is  involved  in  the  omission  of 
such  an  investigation,  or  the  putting  the  burden  of  it  on  the  seller. 
Particulars  presented  to  manufacturers  or  contractors  upon  which  to  Particulars  often 
frame  their  tenders  may  be  insufficient  in  the  sense  that  they  are 
vague  or  incomplete,  or  in  another  sense,  that  while  full  and  elabo- 
rate, they  are  so  voluminous  as  to  be  difficult  of  computation.     As      instances  of 
an  example  of  the  first  kind,  if  a  buyer  ask  for  a  steam-engine  of  a 
certain  power,  and  omit  to  state  whether  it  is  to  include  a  boiler,  or 
at  what  pressure  it  is  required  to  work,  or  how  its  power  is  to  be 
computed  ;  or  if  a  bridge  of  a  certain  span  be  required,  and  no  width 
of  roadway  or  amount  of  load  be  stated,  the  various  prices  which 


vagueness. 
See  pages  II  &»^l^^ 
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Prices         different  manufacturers  under  such  a  specification  may  offer  will  of 

inconclusive,     themselves  afford  no  true  basis  for  comparison.     Indeed,  were  it  not 

the  case  so  often  that  those  not  technically  informed  do  present  a 

meagre  specification,  and  act  upon  prices  unaccompanied  by  a  full 

specification  of  the  seller,  the  fallacy  of  such  a  method  would  appear 

For  lowest  offer  too  obvious  to  be  mentioned.     For  of  such  prices,  the  lowest  will 

quaHty.         probably  come,  not  from  the  manufacturer  who  will  do  what  is  really 

wanted  most  cheaply,  but  from  him  who  has  interpreted  most  lightly 

the  duties  involved,  or  who  will  venture — ^in  good  faith  possibly — on 

the  lowest  margin  of  strength  and  safety  in  the  structure.      The 

knowledge  among  competitors  of  this  inconclusive  method  of  com- 

Speciiication      panson  tcnds  to  degrade  the  quality  of  commodities.     A  comparison 

necessary.     '  of  offcrs  based  on  an  insufficient  specification  of  the  buyer  can  only 

Stt pages  ^^x  dr»427.  then  be  made  by  requiring  with  each  price  a  description  of  what  it  is 

intended  to  supply;  and  this  method  of  contract  involves  certain 
contingencies  which  will  be  presently  described  under  the  head  of 
Specification  of  the  Seller.  It  is  very  difficult  in  the  case  of  certain 
commodities  to  apply  a  standard  of  quality.  Thus,  in  the  purchase 
of  iron  or  chemicals,  the  real  value  may  be  ascertainable  only  by 
jr^/a^f  435  <&*  438.  elaborate  tests  or  analysis,  and  purchase  by  sample  or  by  units  of 

contents  becomes  expedient. 
Particulars  varied        In  the  second  case  referred  to  above,  the  particulars  presented  to 

manufacturers  may  be  insufficient,  because  the  drawings  and  de- 
scription of  works  are  so  varied  and  voluminous  as  to  involve  great 
trouble  and  expense  in  calculating  the  value  of  what  they  represent. 
Calculation  of    The  first  Step  in  making  an  estimate  of  cost  is  to  reckon  up  the 

quantities  of  material  and  labour  required.     In  simple  matters,  each 
competitor  may  be  left  to  calculate  these  items :  for  instance,  in  the 
purchase  of  a  steam  engine  or  a  lathe,  there  is  no  need  to  tell  the 
seller  the  number  and    dimensions  of  the    various    pieces   in  the 
Sometimes  left  to  machine,  or  its  weight.     And,  in  regard  to  larger  and  more  compli- 
cated works,  the  purchaser  may  deem  it  best  to  leave  each  com- 
petitor to  calculate  in  his  own  way  the  cost  of  the  undertaking. 
Seller  may       Indeed,  the  skill  and  experience  which  enable  one  contractor  to 
estimate,  more  correctly  than  another,  the  cost  of  works,  is  a  distinct 
advantage  which  he  may  desire  to  retain  ;  and,  if  the  competition  be 
limited  to  a  few,  he  may  prefer  to  take  the  trouble  which  such  calcu- 
Not  advantageous  lations  involve,  rather  than  have  facilities  granted  to  all.     But  it  is 
to  pure  aser.     questionable  if  it  is  to  the  advantage  of  the  purchaser  to  limit  the 

competition  to  the  few  who  are  able  to  calculate  the  quantities  of 
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works,  for  ability  to  carry  them  out  maybe  more  widely  found.   And,    Contractors  may 

.^  1  •       •      1  •  1  1  ^c  unwiUing  to 

if  numerous  tenders  are  mvited,  even  experienced  contractors  may  be  tender. 

unwilling  to  make  troublesome  estimates  where  the  chance  of  success 

is  but  small.     On  the  other  hand,  there  are  certain  undertakings  in 

which  the  cost  will  depend  mainly  on  the  methods  pursued,  and 

where  there  is  no  difficulty  in  calculating  the  quantities.     But  to 

calculate  from   drawings  and    description   the  quantities  of  some         Elaborate 

important  work  like  a  railway,  a  harbour,  or  a  bridge,  is   often        **  *° 

a  protracted  and  expensive  operation ;  and  not  only  is  much  waste 

of  time  and  money  involved  by  putting  the  burden  of  this  on  each         Reckoned 

competitor  when  it  might  be  done  once  for  all,  but  there  is  the  pro-  *""*  ^* 

bability  that  the  apparently  most  favourable  tender  will  come,  not 

from  the  contractor  willing  to  work  most  cheaply,  but  from  one  who 

has  arrived  at  the  lowest  measurement.     It  is  customary,  therefore, 

in  important  undertakings,  for  the  buyer  to  calculate  the  quantities    Unless  computed 

«         /-        •  1         1-  /•    1  1  1  1  once  for  all. 

and  to  furnish  a  list  of  them  to  the  competitors,  so  that  each  may 
form  an  estimate  on  a  similar  basis.     So  much  does  the  custom  of 
calculating  the  quantities  beforehand  prevail  in  certain  trades,  such 
as  the  building  trades,  that  a  separate  profession,  that  of  "  Quantity         Quantity 
Surveyor,"  has  arisen  in  London  and  other  large  cities  to  satisfy  the        '"   *^ 
demand,  and  "  bills  of  quantities,"  calculated  by  able  and  impartial 
surveyors,  are  accepted  by  buyer  and  seller  alike  as  the  basis  of  a 
contract.     Quantities  so  furnished  serve  as  a  useful  check  on  the  Bills  of  quantities, 
drawings,  and  allow  a  buyer  to  verify,  more  easily  than  he  otherwise 
could  do,  that  he  has  obtained  all  that  he  bargained  for ;  for  where 
quantities  have  not  been  agreed  upon,  opportunities  for  evasion  are 
more  frequent.      Thus,  in  the  case  of  a  large  bridge,  or  roof,  or 
other  structure  of  iron,  it  is  difficult  to  measure  exactly  the  thick- 
ness of  the  various  parts,  and  a  manufacturer  whose  price  might  be  Advantages  which 
two  per  cent,  the  lowest,  might  perhaps  supply  five  per  cent,  less 
weight  than  a  skilled  surveyor  would  have  calculated  from  the  draw- 
ings.    A  previous  agreement  on  the  weight  to  be  supplied  removes 
this  risk ;  and,  moreover,  the  relation  of  price  to  quantity  affords  a 
convenient  standard  for  measuring  the  value  of  additions  or  omis- 
sions.    Payments  based  upon  schedule  will  be  presently  alluded  to.        seepage  43a. 
A  bill  of  quantities  is  particularly  necessary  when  one  set  of  drawings 
serves  for  more  than  one  contract,  as  without  such  a  definition  disputes  in  defining  extent 
may  arise  as  to  which  of  two  contractors  is  to  execute  certain  work.  °  contract. 

Simplicity  in  the  form  of  contract  is  most  usual  in  cases  where 
buyer  and  seller  are  equally  well  informed  and  come  into  immediate 

2   £ 
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Formal  contracts   contact  and  agreement.     The  more  formal  or  elaborate  contract 

documents  often  have  the  characteristic — in  which  they  differ  from 
almost  all  other  commercial  agreements — that  they  are  drawn  up 
entirely  on  one  side,  and  are  not  arrived  at  in  the  usual  way  by  dis- 
cussion between  the  parties  concerned,  and  by  that  modification  of 
clauses  which  diflferent  points  of  view  suggest.  Such  a  preliminary 
discussion  being  obviously  inconvenient  and  almost  impossible  in  the 
multifarious  cases  where  contracts  for  the  supply  of  commodities  or 
the  carrying  out  of  works  are  presented  for  competition,  it  would 

Buyer  should  offer  appear  desirable  for  the  buyer,  instead  of  looking  from  one  point  of 

conditions.        view  Only,  as  might  be  justifiable  where  modification  from  the  other 

side  were  to  follow,  to  prepare  such  equitable  conditions  as  should 

at  once  command  the  confidence  of  the  contractor. 

Buyer's  Even  in  the  best  of  contracts,  drawn  up  in  the  interests  of  a  buyer, 

obligations  not 

defined.  the  obligations  of  the  seller  will  generally  be  much  more  strictly  de- 

fined than  the  return  obligations  of  the  buyer,  who  often  has  duties 
'  Left  to  inference    not  Confined  merely  to  certain  payments  of  money.     Questions  which 
^'  may  arise  out  of  these  points  will  have  to  be  decided  on  inferences 

drawn  from  the  general  tenour  of  the  contract,  and  such  uncertainty. 
Certificates.       if  carried  too  far,  is  unsatisfactory  to  both  sides.     As  instances,  a 
Seepage  34.        seller  may  be  bound  to  deliver,  but  a  buyer  may  not  in  terms  be 
bound  to  receive,  or  to  send  the  inspector  whose  certificate  is  pre- 
liminary to  reception  ;  and  being  thus  unready,  may  be  unwilling  to 
pay.     Or,  in  the  carrying  out  of  works,  the  employer  may  fail  to  have 
the  site  ready  at  the  proper  time  or  to  provide  right-of-way  to  it,  and 
as  these  obligations  are  not  referred  to  in  the  contract,  it  is  by  im- 
plication only,  and  as  a  condition-precedent  to  be  inferred,  that  a 
Ceruinty  and      seller  can  obtain  compensation.     Certainty  and  precision   are  the 
basis  for  contract,  best  bases  for  a  contract,  and  if  those  who,  unopposed,  have  the 

formulating  of  an  agreement,  make  it  one-sided  or  unduly  stringent, 
it  is  against  the  true  interests  of  the  buyer  for  whom  they  act. 
Price  enhanced  by         As  has  just  been  seen,  an  exact  estimate  of  cost  is  only  possible 
unceruinty.       ^^here  the  commodities  to  be  supplied  or  the  services  to  be  rendered 

can  be  exactly  measured ;  and  if  there  be  doubt  as  to  what  may  be 
demanded,  an  addition  is  made  to  the  estimate  by  way  of  insurance 
Cost  may  depend  premium  against  contingencies.  In  contracts  for  public  works,  the 
engineer.  engineer  frequently  takes  power  to  make  certain  modifications  as  the 
work  proceeds,  or  important  details  are  left  to  be  carried  out  as  "  the 
engineer  may  direct ; "  but  unless  this  latitude  be  strictly  defined,  or 
corresponding  alterations  in  price  arranged,  uncertainty  will  hinder  a 
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proper  estimate  of  cost ;  and  the  worst  of  all  risks  is  one  depending 
on  the  action  of  another  person  whose  motives  are  unknown.  If, 
however,  it  is  only  intended,  and  is  so  expressed,  that  the  contractor 
may  be  called  upon  to  obey  details  which,  though  propounded  after 
the  contract  is  signed,  shall  be  such  as  may  be  reasonably  inferred 
from  the  contract  drawings  and  specification,  such  a  condition  may 
be  accepted  as  fair.  Uncertainty  of  this  sort  may,  however,  lead  to 
absolute  unfairness ;  for  if  a  favoured  contractor  has  interpreted  to 
him  the  real  intention  of  clauses  (which  without  such  explanation 
have  wide  limits),  he  can  measure  more  exactly  than  his  competitors, 
the  cost  of  the  undertaking.  It  is  worth  much  trouble  to  prescribe 
everything  at  the  commencement,  and  where  this  is  impossible, 
modifications  in  regard  to  works  or  material  should  be  provided  for 
by  schedules  of  rates  or  prices,  so  arranged  as  to  allow  easy  analysis 
or  comparison.  Contractors  who  have  much  to  lose,  and  who,  there- 
fore, are  presumably  best  fitted  to  carry  out  a  contract,  hesitate  to 
engage  in  one  which  they  cannot  measure  ;  or  if  they  venture,  they 
do  so  only  at  an  enhanced  rate.  Tenders  without  such  enhancement 
are  made  only  by  those  who  are  ignorant  of  the  risks,  and  therefore 
ill-fitted  for  the  work ;  or  by  those  who  are  willing  to  speculate  or 
gamble  in  unknown  risks. 

Assuming  that  the  extent  of  works  or  services  to  be  performed  or 
commodities  to  be  supplied  is  so  defined  as  to  allow  appraisement, 
there  still  remains  as  a  point  of  great  importance,  the  jurisdiction 
under  which  the  contract  is  to  be  carried  on  or  by  which  possible 
disputes  must  be  settled.  Strong  and  impartial  tribunals  in  all 
countries  which  possess  them,  aflfbrd  great  encouragement  to  com- 
merce, for  exact  calculation,  expenditure,  and  profit  can  be  made 
only  when  all  risk  of  confiscation  is  removed  ;  and  the  certainty  so 
induced  allows,  in  the  competition  of  traders,  a  cheapness  in  price 
which  is  to  the  general  advantage  of  the  community.  When  such 
confidence  is  wanting,  and  where  the  rights  of  either  side  are  insecure, 
public  works  are  neglected  and  commercial  enterprise  of  all  kinds 
checked.  It  is  for  this  reason  that  many  contractors  are  unwilling 
to  undertake  works  abroad  that  may  be  subject  to  foreign  juris- 
diction. But  very  often  the  insecurity  arises  even  where  the  laws 
are  just,  because  by  the  terms  of  the  agreement  some  other  and 
outside  tribunal  is  substituted.  It  is  in  contracts  based  on  a  specifi- 
cation of  the  buyer  that  such  cases  arise,  because  of  the  opportunities 
afforded  of  making  one-sided  and  inequitable  conditions. 
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Litigation  on  technical  matters  is  in  all  countries  tedious  and  ex- 
pensive, and  there  has  been  among  trading  communities  a  tendency 
to  provide  against  litigation  by  a  reference  of  disputes  to  arbitration ; 
and  the  tendency  has,  in  Great  Britain,  been  encouraged  by  the  prac- 
tice of  judges  to  refer  cases  from  their  courts,  and  by  direct 
legislative  enactments  making  arbitration  awards  binding.  Indeed, 
in  some  cases,  the  habit  of  the  judges  to  refer  cases  to  arbitration 
has  outstripped  public  opinion,  and  litigants  desiring  the  decision  of 
a  judge  or  jury,  have  been  thrust  back  on  a  tribunal  little  or  no  less 
tedious  and  expensive,  and  whose  decisions  are  less  authoritative  as 
precedents.  The  appointment  of  an  able  or  impartial  arbitrator  is 
obviously  a  matter  of  the  first  importance,  and  if  he  be  not  named  in 
the  contract,  it  is  usual  to  specify  the  method  of  choosing  one. 
Among  architects  and  builders  in  London,  the  necessity  for  conditions 
fair  to  both  sides  led  even  to  the  drawing  up  of  a  set  form  of  agree- 
ment, which  is  frequently  adopted  as  a  basis  for  contracts ;  the  con- 
ditions of  the  building  trades  in  London,  the  relation  of  client, 
architect,  and  builder  peculiar  to  England,  and  the  general  similarity 
of  the  undertakings  in  question,  having  rendered  such  a  standard  form 
possible.  Some  such  method  would  be  preferable  to  the  custom 
which  frequently  prevails  of  appointing,  as  a  condition  of  the  contract, 
the  buyer's  engineer  as  arbitrator  without  appeal,  a  practice  often 
inequitable,  though  possibly  convenient. 

Engineers  who  have  the  conduct  of  important  works,  and  who, 
perhaps,  have  had  unpleasant  experience  of  past  disputes,  demand 
such  a  condition,  because  it  gives  them  full  power  over  a  contractor ; 
and  it  is  because  the  engineers  who  have  inaugurated  this  system  are 
men  of  eminence  and  position,  into  whose  power  contractors  have  been 
willing  to  place  themselves,  that  so  bold  an  innovation  has  prevailed 
at  all.  But  cases  often  occur  where  such  a  condition  is  unfair,  for 
points  in  dispute  may  arise  from  some  act  of  the  engineer  himself,  who 
is  thus  made  judge  in  his  own  cause.  The  courts  scan  very  rigidly 
such  powers  given  to  an  engineer,  and  when  constrained  to  enforce 
them  are  apt  to  deprecate  strongly  the  custom  which  leads  contractors 
to  give  up  their  common-law  rights,  especially  when  such  powers  have 
been  claimed  and  made  a  condition  of  contract  by  engineers  who 
are  salaried  servants,  or  who  in  some  other  way  have  not  the  indepen- 
dent position  which  might  in  particular  cases  justify  such  power. 

The  desirability  of  encouraging  contractors  to  compete  whom 
such  risks  repel,  and  the  obvious  advantage  of  giving  that  confidence 
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and  certainty  of  justice  which  hesAnduces  low  prices,  and  in  deference 
also  to  the  expressed  opinions  of  the  judges,  this  custom  has  been 
abandoned  by  most  State  departments,  and  equitable  arbitration 
conditions  are  provided. 


This  tyatem 
abandoned  by 

State 
departments. 


(2)  The  Specification  of  the  Seller  is  made  the  basis  of  a  contract 
most  often  when  the  commodity  sold  is  one  of  an  accustomed  kind, 
or  is  a  specialty  of  the  seller,  or  is  one  in  which,  for  these  or  other 
reasons,  he  is  independent  of  outside  skill  in  design.  The  use  of 
this  method  of  contract  does  not,  however,  entirely  depend  on  such 
considerations,  but  in  England  arises  from  various  other  causes.  The 
functions  of  the  professional  engineer  are  kept  more  distinct  from 
those  of  the  manufacturer  or  contractor  in  respect  of  some  branches 
than  of  others ;  and  while,  in  railways,  harbours  and  the  works 
arising  out  of  such  undertakings,  the  civil  engineer  generally  presents 
a  complete  design  to  the  contractor,  in  other  and  more  purely  me- 
chanical works  a  specification  of  the  seller  is  invited.  Thus,  while  on 
the  one  hand,  for  works  involving  operations  with  land,  docks, 
bridges,  buildings,  the  making  of  the  design  is  a  separate  function, 
on  the  other  hand,  the  designing  of  steam  engines  and  machines  is 
generally  left  to  the  manufacturer.  The  habit  of  specifying  only  the 
purpose  in  view  or  the  result  to  be  obtained,  and  inviting  the  manu- 
facturer to  propose  his  own  method  of  doing  it,  prevails  more  fre- 
quently in  the  United  States  than  in  England.  In  America  there  is 
not  the  same  line  of  demarcation  between  the  professional  and  manu- 
facturing engineer,  and  no  etiquette  forbids  the  combination  of  the 
highest  skill  in  public  works  with  the  commercial  enterprise  of  the 
trader.  Thus,  an  engineer-contractor  will  propose  his  own  method 
of  constructing  or  improving  a  harbour,  of  making  a  railway,  or  sup- 
plying a  town  with  water,  and  the  condition  that  payment  shall 
depend  on  success  induces  confidence  in  the  offer;  or  a  railway 
company  requiring  a  bridge  may  furnish  to  numerous  manufacturers 
certain  particulars  in  regard  to  site,  span,  rolling  load  and  limit  of 
stress ;  or,  in  the  case  of  a  locomotive,  the  load  to  be  hauled,  the 
gradients  and  other  essential  particulars;  and  then  each  manufac- 
turer is  invited  to  submit  with  his  tender  his  plan  or  specification. 
This  method,  while  implying  considerable  enterprise  on  the  part  of 
the  contractor,  and  his  willingness  to  incur  preliminary  expense 
with  a  view  to  after  profit,  has  the  great  advantage  to  the  purchaser 
of  eliciting  the  ideas  of  numerous  designers.     Moreover,  it  allows 
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economy  in  execution,  because  contractors  or  manufacturers  are  en- 
couraged to  employ  the  highest  engineering  skill;  and  being  thus 
allowed  to  work  in  their  own  way,  can  venture  on  special  tools  or 
preparations,  or  can  keep  suitable  material  or  even  finished  parts  in 
stock.  Where,  however,  by  the  custom  of  the  trade,  every  buyer 
presents  some  new  idea  or  design  for  execution,  no  such  preliminary 
saving  can  be  effected. 

Although  it  may  appear  easier  to  the  buyer  to  appreciate  and 
criticise  the  designs  of  the  seller  than  to  originate  similar  designs, 
skill  and  discrimination  are  needed  to  measure  and  compare  the 
respective  merits  of  numerous  offers  propounded  according  to  dif- 
ferent specifications,  which  depend  upon  technical  details.  Fre- 
quently the  terms  of  such  specifications  afford  an  insufficient  basis  of 
comparison,  and  the  decision  has  to  be  guided  by  the  apparent  or 
known  ability  of  the  various  competitors,  or  by  their  conduct  in  pre- 
vious affairs.  In  so  far  as  such  considerations  prevail,  they  bring  the 
transactions  into  the  category,  presently  to  be  described,  of  purchases 
based  on  the  reputation  of  the  seller.  The  skill  which  may  be 
required  to  distinguish  between  competing  offers  may  also  have  to  be 
applied  to  the  inspection  of  the  work  during  or  after  execution ;  for 
though  the  specification  may  be  that  of  the  seller,  the  due  fulfilment 
of  it  has  as  much  to  be  insured  as  though  the  conditions  had 
originated  with  the  buyer. 

The  specification  of  a  seller  often  affords  valuable  information, 
especially  if  the  description  includes  drawings  or  designs ;  and  the 
best  manufacturers  are  often  averse  to  supplying  such  information 
except  when  assured  of  fair  play.  Where  it  is  intended  by  the  pur- 
chaser or  his  agent  to  buy  from  a  particular  seller,  and  other  offers 
are  asked  for,  either  to  give  the  semblance  of  competition  or  to 
elicit  prices  which  can  then  be  offered  to  the  favoured  seller,  such 
a  course  of  action  is  uncandid  and  unfair.  In  some  cases  the  esti- 
mate or  tender  of  an  experienced  contractor  is,  as  an  assurance  that 
certain  works  can  be  perfomied  for  a  specified  sum,  of  as  great  value 
to  a  purchaser  or  a  rival  contractor  as  a  design  or  any  other  essential 
part  of  an  undertaking.  And  when  the  purpose  is  to  elicit  not  only 
prices,  but  technical  information  and  designs,  with  no  intention  of  pay- 
ing for  them  or  purchasing  the  things  or  works  they  represent,  the  trans- 
action is  very  much  like  one  of  obtaining  value  by  false  pretences. 

The  specification  of  a  seller  is  often  as  one-sided  as  that  of  a 
purchaser,  for,  like  it,  it  is  drawn  up  in  the  interests  of  only  one  of 
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the  parties  concerned.  All  the  merits  of  the  article  in  question  are 
probably  set  forth,  but  suggestions  which  will  enable  the  purchaser  to 
see  its  unsuitability  for  particular  purposes  and  to  choose  what  is  better 
or  more  suitable  are  too  seldom  given.  The  specification  of  a  seller 
is  sometimes  that  given  in  a  printed  catalogue  or  price-list,  where  it 
may  consist  only  of  a  brief  description  or  even  of  a  mere  picture.  But 
even  though  the  specification  be  of  this  meagre  kind,  the  seller  is  not 
relieved  from  responsibility.  The  article  sold  must  be  reasonably  fit 
for  its  specified  purpose.  More  than  this :  where  a  manufacturer,  or 
dealer,  or  contractor,  agrees  to  supply  an  article  which  he  is  accus- 
tomed to  manufacture  or  sell,  to  be  applied  to  a  particular  purpose 
described  to  him  by  the  buyer,  who  thereby  trusts  to  the  seller's  skill 
and  judgment,  it  may  be  reasonably  inferred  that  the  article  sold  must 
be  fit  and  suitable  for  the  purpose  in  view ;  and  the  responsibility  for 
such  fitness  will  rest  with  the  seller. 

Purchasers  are  greatly  assisted  by  catalogues  of  manufacturers  or 
merchants,  and  indeed,  the  commerce  of  certain  trades  could  not  be 
carried  on  without  them,  especially  in  foreign  countries,  where  pur- 
chasers have  no  other  immediate  access  to  the  seller.  Although,  in 
the  case  of  important  commodities,  the  catalogue  of  a  manufacturer 
may  be  preferred,  there  are  some  trades  in  which  the  interposition  of 
a  factor  is  almost  essential.  Thus,  in  the  case  of  hardware,  tools  and 
other  minor  articles,  the  actual  manufacture  of  such  varied  articles 
is  so  divided  as  to  render  most  tedious  the  collection  of  each  from 
its  separate  maker  by  a  purchaser,  who  finds  he  can  obtain  what 
he  desires  better  and  more  cheaply  from  a  factor  of  repute,  accus- 
tomed to  the  trades  in  question.  Sometimes  the  intervention  of  an 
engineer,  technically  acquainted  with  the  articles  required,  is  neces- 
sary to  select  or  verify  the  purchases.  For  the  catalogue  system 
may  be  abused,  and  there  are  some  so-called  manufacturers  whose 
stock-in-trade  is  nothing  but  a  catalogue,  and  who  tempt  purchasers 
by  offering  inferior  goods  at  apparently  low  prices.  The  engravings 
may  be  well  executed,  and  there  may  be  nothing  by  which  a  pur- 
chaser or  merchant  can  detect  the  truth,  for  the  qualities  which  really 
determine  the  comparative  value  of  two  articles  apparently  similar 
are  not  easily  discernible  by  the  uninitiated,  to  whom  it  may  appear  a 
mere  waste  of  money  to  pay  the  higher  price.  The  suitability  of 
the  design,  the  proportion  of  the  parts,  the  quality  of  material,  and 
the  accuracy  of  the  workmanship,  determine  the  fitness  and  dura- 
bility of  a  machine  for  the  desired  purpose. 
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But  while,  in  the  case  of  machines,  apparatus,  or  material,  which 
are  of  an  accustomed  kind,  and  which  may  be  enumerated  in  a  list, 
catalogues  are  easily  compiled,  there  are,  on  the  other  hand,  many — 
and  among  them  the  most  important — of  the  trades  connected  with 
engineering,  where  precise  catalogues  are  impossible  because  of  the 
ever-varying  nature  of  the  commodities  manufactured.  Thus  there 
are  factories  where  steam-engines,  mill  machinery,  electrical  appliances, 
or  hydraulic  appara^s  are  made,  and  in  which  every  case  as  it 
arises  differs  from  all  that  have  gone  before  it.  So  also  in  the  case 
of  structural  steelwork,  manufacturers  of  ships,  bridges  and  roofs  iind 
it  almost  impossible  to  compile  a  price  list,  because  the  same  com- 
bination of  dimensions  or  conditions  is  never  repeated,  and  structures 
must  be  contrived  to  meet  each  case.  Manufacturers  may,  however, 
in  such  cases  furnish  the  types  they  are  prepared  to  offer,  or  the  style 
of  design,  which  can  be  adopted  to  the  particular  case  in  view. 
Many  manufacturers  of  repute  are  for  other  reasons  averse  to 
printing  catalogues.  They  stand  upon  their  reputation,  and  are 
unwilling  to  publish  drawings  and  prices  which  will  be  compared 
with  those  of  rival  or  inferior  manufacturers  by  persons  who  are 
unable  to  discriminate  between  them,  or  who  may  use  the  informa- 
tion to  the  disadvantage  of  the  seller.  But  in  both  the  cases 
mentioned  above — namely,  in  that  where,  from  the  nature  of  the 
goods,  catalogues  are  impossible ;  and  in  the  latter,  where  disin- 
clination rather  than  difficulty  is  the  cause — much  might  be  done 
to  meet  the  convenience  of  purchasers  and  at  the  same  time  promote 
the  interests  of  the  seller.  Many  transactions  which  might  be 
advantageous  to  both  sides  are  hampered  or  get  into  wrong  hands, 
because  the  purchaser  has  nothing  to  assist  his  choice,  and  does  not 
know  where  to  look  for  guidance.  If,  therefore,  manufacturers  who 
are  unable  or  unwilling  to  publish  catalogues  could  give  directions  to 
purchasers  how  to  approach  them,  they  would  by  that  alone  confer  a 
great  service.  They  need  not  furnish  drawings,  they  need  not  even 
give  an  inkling  of  prices,  but  they  could  inform  a  would-be  purchaser 
what  particulars  he  must  furnish  to  allow  a  proper  choice,  and  what 
conditions  of  purpose  or  durability  will  determine  price;  in  fact, 
explain  what  preliminary  steps  are  necessary  to  enable  those  who 
wish  to  buy,  but  who  are  ignorant,  to  approach  those  who  wish  to 
sell  and  are  well-informed.  The  position  and  probable  knowledge 
of  the  purchaser  should  guide  the  seller  in  the  information  he  supplies. 
But  in  regard  to  particulars  of  this  kind,  and  indeed  generally  to 
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specifications  from  the  seller,  the  condition  of  trade  at  the  particular      Preliminary 

time  does  much  to  determine  the  willingness  of  manufacturers  or    "'"offered! 

contractors  to   afford   information;    and  while,  on  the   one  hand, 

traders  may,  in  prosperous  or  busy  times,  decline  with  too  much 

independence  all  preliminary  trouble,  so,  on  the  other  hand,  purchasers 

are  apt  to  take  advantage  of  dull  times  to  demand  from  traders  the     Accordiiy  to 

°  ...  briskness  oftrade. 

gratuitous  supply  of  designs,  prices  and  preliminary  information  of 
great  value. 

(3)  Sample  is  not  only  frequently  made  the  basis  of  a  contract  to  Purchase  based  on 
purchase,  but  occasionally  also  of  contracts  for  the  carrying  out  of        **^^ 
works.     Sometimes  the  sample  is  provided  by  the  purchaser,  who 
offers  thus  a  common  standard  for  all  competitors,  while  sometimes 
each  separate  offer  is  based  on  a  sample  of  its  own;  these  two 
methods  bearing  the  same  relation  to  each  other  as  the  specification 
of  the  buyer  and  that  of  the  seller  already  described.    The  purchaser,  sellers*  samples 
by  allowing  the  sellers  to  furnish  their  own  samples,  has  a  wider  *aSd  low  prices.* 
choice  than  if  a  fixed  standard  was  prescribed,  and  presumably,  at 
the  lower  prices  which  a  manufacturer  or  dealer  will  offer  for  an 
accustomed  design  or  quality.     If  the  object  of  the  purchaser  be  to 
obtain  a  choice  of  numerous  kinds,  the  system  of  separate  samples 
may  be  preferable ;  but  if  the  latitude  is  merely  to  elicit  low  prices 
from  manufacturers,  it  will  generally  be  found   eflfective  only  for 
contracts  of  small  amount ;  for  in  large  contracts  which  will  repay 
the  cost  of  special   preparations,  manufacturers    will   generally  be 
ready  to  work  as  cheaply  to  a  sample  of  the  buyer  as  to  their  own. 
For  instance,  on  a  railway  of  considerable  extent,  an  engineer  will     New  samples 
generally  demand  exact  conformity  to  a  standard  sample  for  the  ^****^JiJ  u°Lt**  ^ 
smallest  detail  of  equipment ;  while  if  material  only  for  one  mile  of       quantities, 
railway  be  required,-  the  engineer's  choice  of  design  might  well  be         page  711. 
guided    by  what    manufacturers    had    ready-made,  or   could   most 
readily  supply.     But  in  any  case   cheapness  is  promoted  by  con-    see  ai»o page  ^y^. 
formity  to  accustomed  systems  of  measurement  and  price. 

It  is  often  easier  or  more  convenient  to  specify  various  qualities  certain  qualities 
of  a  commodity  by  sample  than  by  a  written  description ;  and  this  "*J15npie!**  ^^ 
is  especially  the  case  where  exact  uniformity  with  something  that  has 
gone  before  is  required.  Such  uniformity  may  be  in  colour,  form, 
dimension,  or  other  quality ;  and  may,  in  any  of  these  respects, 
demand  resemblance  so  exact  as  to  render  the  old  and  new  inter- 
cliangeable.     Thus,  there  may  be  parts  of  a  machine  or  apparatus 
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constantly  wearing  out,  where  the  new  must  fit  with  accuracy  the 

Where  exact     place  of  the  old ;  or,  as  in  the  case  of  ammunition,  where  conformity 

needed.         in  a  new  supply  to  established  standards  may  be  absolutely  essential. 

Or,  as  in  the  case  of  railway  equipment,  where  the  material  of  the 

permanent-way,  or  certain  parts  of  the  rolling  stock,  must  be  similar 

As  in  railway    in  kind  and  size  throughout,  the  standard  presented  for  imitation 

cqu  me    .      jjgjj^g   considered   rather  as  a   pattern   than  as  a   sample ;  other 

qualities  than  those  of  form  and  size  being  declared  by  a  writtten 

specification. 
Comparison  by         A  Comparison  of  the  bulk  with  a  sample  often  involves  tests,  assay, 

test  or  assay.  ^  ^  i  j  7 

ste Paget  350  &»  438.  ^^  analysis ;  and  where  examination  in  this  way  is  likely  to  be  resorted 

to,  a  preliminary  agreement  as  to  the  various  qualities  of  the  sample 
should  be  made  between  buyer  and  seller,  so  that  the  sample  itself 
need  not  be  examined  to  afford  a  basis  for  comparison  in  these 

Specification  and  respects,  but  may  remain  to  serve  as  a  pattern  for  form,  dimension, 

sample  combined.        ,  1  1  •  -r  1  1  r  1      • 

See  Rolled  Iron    ^olour,  or  workmanship.    In  some  cases,  such  as  that  of  wrought  iron, 
pages  546  ^  555.    tests  by  bending  may  be  specified,  and  the  sample  serve  to  show  the 

amount  of  bending  or  distortion  to  be  undergone,  while  other  tests 
for  strength  and  elasticity  may  be  described  in  writing.  In  some 
cases,  absolute  conformity  to  a  sample  is  not  demanded,  but  within 
certain  limits,  latitude  is  permitted  and  allowed  for  in  the  price. 
Contracts  so  arranged  may  then  come  within  the  category  of  Purchase 
Seepages  432  ^  438.  by  Schedule,  or  by  Units  of  Contents,  which  will  presently  be  de- 
scribed. 
Sample  as  basis         Sample  is  Occasionally  made  the  basis  of  contract  for  the  carrying 

for  large  works.  ,      ^  1  it-.-  •        1  •  <-  m 

out  of  large  works.      For  instance,  in  the  extension  of  a  railway, 

the  line  or  direction  and  the  levels  having  been  agreed  upon,  the 

As  in  a  railway,  kind  of  material,  solidity  of  works,  and  the  amount  and  quality  of 

equipment  are  summarily  specified  as  to  be  equal  to  those  of  the 

existing  railway,  or  of  a  neighbouring  line.     Sa  also,  in  the  case  of 

See  Chaps.  XL     a  ncw  gas  or  electfic  lighting  undertaking,  the  contract  may  briefly 

enumerate  the  area  to  be  covered  and  the  number  of  lamps,  and 
in  all  else  refer  to  the  works  of  some  other  town  as  the  standard 
of  quality  to  be  followed.  Contracts  of  this  kind  may,  by  their 
very  simplicity,  avoid  occasions  for  dispute  ;  but,  on  the  other  hand, 
unless  the  circumstances  be  exactly  similar  to  those  of  the  pre- 
scribed standard,  abundant  opportunities  for  difference  will  arise  for 
litigious  persons.  Such  a  method  of  contract  is  most  suitable  be- 
Whcre  applicable,  tween  persons  who  know   each    other,  who  by  reason  of   previous 

transactions  attach  the  same  meaning  to  words,  and  above  all,  who 
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have  the  intention,  mutually  appreciated,  of  carrying  out  the  under- 
taking fairly. 

A  buyer  by  sample  is  not  considered  to  have  accepted  goods  till    Comparison  of 
he  has  had  a  reasonable  opportunity  for  examining  and  comparing   ^setULo p^T^  ^ 
them.     If  goods  be  found  to  contain  defects,  and  it  be  discovered  on 
examination  that  the  sample  has  hidden  defects  of  a  similar  kind 
unknown  to  both  sides,  the  seller  cannot  plead  this  as  a  justification 
for  what  he  has  supplied.     On  the  other  hand,  a  buyer  cannot  claim  to    Hidden  defects, 
have  bought  by  sample  merely  because,  during  the  negotiations,  the 
seller  has  exhibited  specimens  of  his  wares,  and  given  certain  assur- 
ances.    The  law  is  very  strict  in  requiring  evidence  of  warranty,  and       Warranty. 
without  touching  here  upon  legal  questions,  it  may  be  said  that  where 
any  order  is  given  in  writing,  it  supersedes  all  verbal  communications  written  contract 
that  have  gone  before :  and  the  terms  of  such  written  order,  rather      assurances, 
than  of  any  assurances  which  preceded  or  accompanied  it,  will  be      •y*»/«^4«3' 
considered  as  the  contract.     Therefore,  if  specimens   or    samples 
have  formed  part  of  the  preliminary  discussion,  and  conformity  to 
them  is  required,  such  a  condition  must  be  clearly  set  forth  in  the 
agreement  to  purchase,  and  not  be  left  to  inference  only.     The  pur-  Purpose  of  sample 
pose   of  the  sample  in  regard  to  which  of  its  qualities — material, 
dimensions,  or   other — conformity  is  required,  should  be  specified. 
Where  samples  have  to  be  taken  from  considerable  quantities  as       ^rr  Mining, 
in    the   case   of  minerals,   skill    and   experience   in   sampling  are  setCoKn^^      6 
necessary. 

(4)  The  Reputation  of  a  manufacturer,  contractor,  or  dealer,  may  Repuution  of  the 
induce  such  confidence  in  his  ability  and  fairness,  as  not  only  to      guarantee  of 
render   the   competition   of  other  traders  unnecessary,  but  also  to         ***** *  ^' 
obviate  the  necessity  for  a  specification  of  quality.     Buyers  who  have  This  method  often 
had  previous  satisfactory  dealings  with  a  seller,  will  continue  to  pur- 
chase from  him,  and  a  large  proportion  of  the  trade  of  the  country  is 
conducted  in  this   way.     The  nature  of  the  contract,  its   quantity 
or  extent,  and  the  real  purpose  desired  by  the  purchaser  having  been      Specification 
sufficiently  described,  the  quality  of  material  or  workmanship  is  con- 
sidered to  be  sufficiently  assured  without  the  minute  enumeration  in 
detail   of  the   methods  to  be  followed,  or   other  conditions  which 
generally  accompany  a  specification  of  the  buyer.     Or,  the  seller  is  Seller  names  his 
invited  himself  to  describe  what  he  will  do,  and  to  propose  the  con-    °^°  *^^°  »tions. 
ditions  under  which  he  will  work ;  contracts  arranged  in  this  way 
coming  within  the  category  just  described,  of  Uiose  based  on  the 
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Sometimes  also 
with  sample. 


Bu3rinK  fttxm 
abroad. 

S**  Chap,  XVII.^ 

EXI^JRT. 

Wider  choice 
sometimes 
preferable. 


Trade -mark  or 
brand. 


An  assurance  of 
origin. 


As  in  the 

branding  of  iron. 

Set  RoLi^D  Ikon, 


Trade-marks  of 
secret  mixtures. 


Trade-mark  more 

permanent  than 

patent- right. 


specification  of  the  seller.  In  other  cases,  the  description  of  kind 
or  quality  may  be  summed  up,  by  the  buyer  referring  to  something 
previously  done  by  the  seller,  thus  in  effect  basing  the  contract  upon 
sample  and  reputation  combined.  The  reputation  of  the  seller  is 
valuable  to  purchasers  who,  being  concerned  more  for  the  proper 
carrying  out  of  their  wishes  than  for  buying  on  the  cheapest  terms, 
buy  where  they  think  they  will  have  the  least  risk ;  and  especially 
may  this  be  prudent,  when  business  is  transacted  from  a  foreign 
country.  It  is  considered  that  the  trouble  of  seeking  for  competi- 
tive prices,  and  the  inspecting  the  work  before  payment,  will  more 
than  outweigh  the  saving  in  cost  that  might  be  obtained.  On  the 
other  hand,  where  an  existing  organisation  of  engineers,  agents,  or 
others  is  available,  advantage  may  be  taken  of  it  to  obtain  a  wider 
choice :  and  this  is  sometimes  desirable,  not  merely  for  the  sake  of 
possible  cheapness,  but  because  novel  or  improved  methods  and 
kinds  may  have  arisen. 

The  reputation  of  a  maker  or  dealer  is  frequently  embodied  or  ex- 
pressed in  a  trade-mark  or  brand,  this  plan  being  useful  or  necessary 
where  the  commodities  are  of  a  kind  which  reach  the  ultimate  pur- 
chaser or  consumer  through  an  intermediary;  some  mark  or  sign 
actually  pertaining  to  the  commodity  being  necessary  as  an  assurance 
of  its  origin.  The  trade-mark  is  often  convenient  as  expressing  the 
quality  of  material  to  be  used  by  the  intermediary  in  some  finished 
article ;  as,  for  instance,  where  an  iron  bridge  or  boiler  has  to  be 
made  of  certain  plates,  the  trade-mark  on  each  plate  will  afford  last- 
ing evidence,  even  after  the  plates  have  been  manipulated  and 
fashioned  into  the  bridge  or  boiler,  which  would  be  wanting  if  cast 
iron  or  brass,  not  so  easy  to  be  branded,  were  the  material  in  ques- 
tion. Trade-marks  are  used  sometimes  to  denote  the  origin  of,  or 
property  in,  certain  secret  or  empirical  mixtures  which  have  a  sup- 
posed value.  Thus,  there  may  be  a  peculiar  kind  of  paint  or  metal 
alloy,  concerning  which  an  inventor  or  dealer  may  wish  to  associate 
some  name  or  mark  that  will  identify  it  as  his  own  monopoly.  Or, 
when  placed  upon  some  apparatus  or  machine  whose  nature  or  con- 
struction is  evident,  a  trade-mark  may  give  a  more  permanent  mono- 
poly to  the  maker  or  dealer  than  would  a  patent-right  limited  to  a 
term  of  years,  because  while,  after  the  term  expires,  the  right  of 
manufacture  becomes  common,  the  monopoly  of  the  trade-mark  will 
remain.  But  obviously  its  value  will  continue  only  so  long  as  the 
seller  can  induce  the  belief  that  his  mark  or  guarantee  is  the  true 
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test  of  quality,  rather  than  the  form  or  appearance  of  similarity 
which  may  be  given  by  others. 

Trade-marks  have  their  highest  value  to   purchasers  in  distant     Trade-marks 
countries ;  and,  indeed,  some  trade-marks  which  are  of  importance  ^*  "JounSica?  *° 
there,  are  hardly  known  at  all  in  the  country  of  manufacture.     Rolled 
iron,  galvanised  sheets,  and  steel  tools  are  among  the  most  familiar 
examples  connected  with  the  engineering  trades.     To  the  ordinary       instances, 
purchaser,  and  indeed  often  even  to  experts,  there  is  little  in  the  out- 
ward appearance  to  denote  quality;  and  the  trade-mark   gives  an 
assiu:ance    not  only  of  quality  but  of  kind  also,  so  that, .  even  in  Renders  purchase 

easy 

places  remote  from  the  port  of  arrival,  the  purchaser  may  know  by 
reference  to  the  trade-mark  that  he  is  getting  what  he  asked  for.  In 
the  case  of  certain  commodities,  such  as  tools  or  agricultural  imple- 
ments, the  name  of  the  maker  is  the  best  of  all  trade-marks,  and  if, 
with  the  name  or  appellation,  a  purchaser  states  the  size  or  number, 
so  as  to  identify  what  he  requires,  the  specification  is  complete. 

An  established  trade-mark,  while  conferring  rights  on  its  possessor.      Trade-marks 
involves  obligations  which  justify  the  protection  which  the  law  affords      obiigaSona. 
it.     The  identity  of  origin  which  a  trade-mark  conveys  is  a  pledge  of 
quality  given  by  the  seller,  whose  reputation  would  suffer  by  any  pied^e  of  quality, 
default ;  and  so  well  is  this  understood,  that  the  proprietor  of  a  trade- 
mark will  generally  take  care  to  maintain  the  quality,  even  if  circum- 
stances induce  him  to  sell  at  a  low  price.     Where  cheapness  is  unmarked  goods, 
demanded,  the  proprietor  of  a  trade-mark  may  try  to  meet  the  case  by 
selling  goods  "  unmarked,"  i.e.  without  the  trade-mark :  but  if  the 
trade-mark  be  insisted  on,   then,  whatever  the  price,  the  quality 
which  repute  associates  with  it  will  be  given.     Sometimes  a  manu-  one  maker  having 
facturer  will  have  various  trade-marks,  to  denote  different  kinds  or    ^■"°""  °**'"  ■• 
qualities. 

Trade-marks  do  not  always  belong  to  a  manufacturer,  but  some-   Trade-marka  of 
times  to  a  dealer  or  merchant,  who,  buying  where  he  pleases,  gives  his        ^miOceni.^ 
stamp  or  guarantee  of  quality.     A  trade-mark  or  brand  may,  in  such 
circumstances,  merely  imply  "  imported  by  "  or  "  examined  by  "  the 
owner  of  the  mark ;  but  the  buyer  is  careless  of  the  actual  origin  of  the 
goods,  if  it  has  been  proved  by  experience  and  expressed  in  an 
established  reputation,  that  a  certain  kind  or  quality  will  be  found 
associated  with  the  mark.     This  kind  of  trade-mark  may  be  compared    Why  valuable, 
to  the  resale  of  goods  after  an  auction,  where  a  would-be  purchaser, 
having  no  confidence  in  his  own  knowledge  of  the  goods  offered,  and 
who,  therefore,  abstains  from  bidding,  may  be  willing  to  offer  an 
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advanced  price  to  a  well-informed  bidder,  whose  bids,  if  honestly 
given,  may  be  considered  a  guarantee  of  value. 
Abuse  of  trade-         The  System  of  trade-mark  or  brand  is  liable  to  be  abused.     The 

actual  falsification  of  such  marks,  or  the  fraudulently  placing  under 

cover  of  real  marks,  substituted  goods,  are  risks  which  have  been  greatly 

lessened  by  the  international  treaties  which  protect  trade-marks  in 

foreign  countries.     But  sometimes  a   trade-mark,   implying  really 

no  special  quality,  may,  by  persistent  assertion,  attain  a  reputation 

undeservedly  high  among  buyers.    On  the  other  hand,  where  the  mark 

really  implies  all  that  is  supposed,  a  buyer  at  a  distance  may  un- 

insisunce  on  one  necessarily  enhance  the  price  he  has  to  pay,  by  insisting  on  one 

price.  *        particular  brand,  while  a  qualified  agent,  with  some  latitude  allowed 

him,  might  choose  between  several  brands  equally  good,  or  by  his 

Some  buyers     own  knowledge,  venture  safely  to  buy  unmarked  goods.  Able  engineers 

foods.  often  pointedly  abstain  from  specifying  trade-marks,  and,  by  insisting 

only  on  a  prescribed  quality,  obtain  the  benefit  of  an  unrestricted 

Conventional  or  competition.     In  some  trades,  certain  conventional  marks  which  have 

common  mar   .  ^^  ^^^  meaning,  and  which  are  common  to  all  who  choose  to  employ 

them,  are  used,  this  chiefly  occurring  in  the  class  of  goods  exported 
to  ignorant  or  half-civilised  peoples. 

Referring  to  the  various  modes  of  Payment  and  measures  of  price 
enumerated  on  page  412. 

A  sum  of  money        (a)  A  Sum  of  Motuy  is  the  most  usual  and  simple  measure  of  price 
price.  for  goods  to  be  supplied  or  work  to  be  done.     The  price  of  a  com- 

modity that  can  be  clearly  defined — a  steam  engine,  .for  instance,  or 
a  plot  of  land — is  naturally  expressed  so,  and  there  is  no  need  of  any 
This  method     Other  method  ;  and  it  is  only  when  the  peculiar  nature  of  the  contract 
inconvenient,     renders  this  method  inconvenient,  that  the  consideration  or  payment 

is  stated  in  some  other  way.  To  the  purchaser,  at  any  rate,  a  fore- 
knowledge of  the  exact  sum  to  be  paid  is  convenient ;  and  it  is 
generally  the  aim  in  all  kinds  of  contracts,  whatever  may  be  the 
precise  way  of  arriving  at  it,  to  agree  as  nearly  as  possible  on  the 
Foreknowledge  of  price.  So  much  do  purchasers  generally  desire  this  precision,  that 
*'"*^*  *    even  in  complicated  transactions,  where  it  is  difficult  to  appraise 

beforehand  the  costs  and  charges,  a  price  stated  in  one  sum  is  pre- 
ferred, because  it  may  be  supposed  to  save  all  risk  of  extra  charges, 
even  though  some  other  measure  would  appear  to  allow  a  lower  and 
fairer  valuation.     A  seller  or  contractor  who  is  asked  to  tender  for 
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goods  or  works  which,  from  their  diversity,  kind,  or  extent  cannot  Price  cheapened  i< 

.  •■!  •i«iiitn*ii         risk  removed. 

easily  be  measured  m  advance,  will,  on  the  other  hand,  offer  cheaply 
only  if  he  is  allowed  to  stipulate  for  extra  payments  should  certain 
events  arise.  If,  however,  only  offers  at  a  fixed  price  will  be  enter- 
tained by  the  purchaser,  then  an  addition  is  made  to  the  price  to      uncertainty 

.  .     f  •  *       rr     ^  r  '  'a.    enhances  price. 

provide  for  contingencies — m  effect,  a  premium  of  insurance  against 

risks.     The  advantages,  however,  of  knowing  from  the  beginning  what 

is  to  be  paid,  often  fully  justify  such  a  course.     As  the  removal  of 

uncertainty  allows  a  close  estimate  of  cost,  contract  by  a  fixed  price      Preliminary 

is  facilitated  when,  by  a   preliminary  calculation   of  quantity,  the       qSantitiea. 

extent  and  nature  of  the  contract  are  ascertained  ;  and,  as  has  been    Set  also  page  ^^ 

seen,  this  investigation  is  sometimes  performed  by  the  buyer  and 

sometimes  by  the  seller.     Even  with  this  assistance,  the  responsi-  Contractor*a  riska. 

bility  undertaken  by  a  contractor  sometimes  involves  considerable 

risk.     Thus,  the  supply  of  goods  or  the  carrying  out  of  works  may 

be  spread  over  a  long  period  of  time,  within  which  there  may  be 

great  fluctuations  in  thie  price  of  labour  and  of  material,  which  cannot   piuctuationa  in 

be  altogether  met  by  preliminary  agreements  or  purchases  on  the  ^eepJ^^z  &> 

part  of  the  contractor.     For  instance,  in  railway  works,  some  special 

cause  may  drain  the  neighbourhood  of  workmen  or  make  labour 

scarce  and  dear ;  or  the  material  to  be  excavated  may  prove  to  be 

much  more  difficult  than   was  anticipated.     More  than  this,  con-     Works  prove 

difficult. 

tractors  are  sometimes  required   to  include   what  is  not  properly 
within  their  province,  such  as  the  cost  of  land,  the  compensation  for  Unsuitable  riaks. 
damage  to  occupiers,  or  even  the  raising  of  capital  on  shares.     There  ^*'  cka/s,  i.  ^  11. 
is  the  disadvantage  to  the  purchaser,  when  this  system  is  adopted,  Disadvanueeoua 
that  while  the  contractor  reaps  all  the  profit  if  circumstances  prove      ^  ^""^  ***'" 
easier  than  was  anticipated,  on  the  other  hand,  the  burden  may  prove 
too  heavy  if  the  contingencies  are  greater,  and  the  contractor  may 
be  unable  to  carry  out  his  engagements.     From  causes  such  as  these      speculation 
are  owing,  on  the  one  hand,  the  large  profits  accumulated  by  the         ^*  "  * 
fortunate  contractors,  and  on  the  other  hand,  the  heavy  charges 
which  purchasers  have  had  to  bear  in  the  transfer  of  contracts  to  new 
hands.     Indeed,  speculation  is  sometimes  fostered  by  such  a  system, 
and  contractors,  sanguine  as  to  the  profit,  may  venture  on  under- 
takings whose  risks  may  be  too  great  for  their  means ;  and  the 
security  or  sureties  which  may  be  demanded  by  purchasers  to  provide 
for  such  an  event  may  prove  insufficient,  or  at  any  rate  throw  the 
burden  of  loss  on  to  others.     While,  however,  purchasers  may  insist 
on  the  appraisement  beforehand  of  risks,  it  is  so  obviously  impossible 
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Appraiwment  in  in  many  kinds  of  contracts  to  know  at  the  beginning  the  quantity  of 

impossible,      woik  to  be  done  or  goods  to  be  supplied,  that  some  fluctuating  or 

movable  measure  of  value  by  which  the  price  or  purchase-money  may 

be  adjusted  becomes  necessary. 

Fhorchase  by  {b)  ScheduU  Rates,  or  the  purchase  of  goods  by  units  of  price, 

instead  of  for  a  fixed  sum  of  money,  is  often  convenient  and  even 

Simple  instances,  necessary.    Thus,  to  take  a  simple  case,  a  cargo  of  coal  may  be 

bought  at  a  rate  per  ton,  the  buyer  and  seller,  who  know  approxi- 
mately the  tonnage,  being  alike  indifferent  when  they  make  the  bargain 
as  to  the  exact  quantity  which  the  weighing  after  purchase  will  disclose. 
A  contract  for  the  construction  of  a  railway  tunnel  may  be  made 
at  agreed  rates  per  cubic  yard  for  excavation  of  different  kinds  of 
material,  the  proportion  of  each  kind  being  unknown  when  the  con- 
tract is  made,  leaving  for  measurement  as  the  work  proceeds,  or. 

Schedule  adopted  after  completion,  the  quantities  achieved.     A  schedule  is  sometimes 

Xo  save  time 

preferred  to  a  fixed  sum  merely  to  save  time,  as  a  manufacturer  or 
contractor  will  more  readily  estimate  the  cost  of  certain  work  j)er 
unit  than  the  total  sum,  which  can  only  be  arrived  at  by  an  exact 
calculation  of  quantity  from  drawings,  which  may  not  have  been 
Schedule  tenders  completed  when  the  contract  is  made.     Or,  schedule  rates  may  be 

compared. 

sufficient  to  allow  comparison  between  competing  tenders,  and  the 
trouble  of  calculating  and  agreeing  on  the  quantities  may  be  taken 
only  before  the  contract  is  entered  into.  But  if  there  be  many  items 
Difficulties,  in  the  schedule,  it  is  often  difficult  without  an  approximate  know- 
ledge of  the  quantities  to  compare  such  tenders.      Sometimes   a 

Schedules  to  schedule  is  preferred  to  an  absolute  sum,  not  to  save  the  trouble  of 
variations.  Calculating  the  quantity  in  advance,  but  because  it  may  be  difficult 
to  carry  out  the  work  exactly  in  accordance  with  calculated  quantities. 
Thus,  a  large  iron  roof  or  bridge  may  be  purchased  at  a  rate  per  ton, 
the  manufacturer  obeying  the  drawings  set  before  him,  but  being  paid 
on  the  actual  weight  supplied ;  for  as  it  is  difficult  in  rolling  or  castmg 
iron  to  arrive  exactly  at  a  calculated  weight,  a  purchaser  may  prefer 
to  pay  only  for  what  he  actually  receives ;  protecting  himself  perhaps 
Limit  of  variance,  by  prescribing  the  limits  of  variance  he  will  allow  from  the  calculated 

Fixed  sum  as     quantities.     Sometimes  a  fixed  sum  is  adopted  as  a  basis,  and  an 

addition  or  deduction  allowed  within  certain  limits  to  correspond 

Additions  and    with  the  actual  quantity  supplied.     Thus,  if  the  agreed  price  for  an 

iron  structure  be  ^10,000,  and  the  calculated  weight  500  tons,  ^i 
may  be  added  or  deducted  for  every  hundredweight  of  excess  or 
diminution  in  weight,  and  the  right  of  rejection  be  reserved  if  the 
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difference  either  way  be  more  than  20  tons.  But  sometimes  the  con- 
dition is  made  to  apply  to  one  side  only,  a  deduction  being  made  for 
short  weight  but  no  addition  allowed  for  excess.  There  are  other 
cases  in  which  an  engineer  intends  to  decide  on  the  method  and 
extent  of  works  only  as  they  proceed,  and  makes  an  imaginary  imaginaty  list  of 
schedule  list  of  quantities  to  serve  as  the  basis  of  a  contract.  But  it  ^"*" 
is  always  desirable  to  approximate  as  nearly  as  possible  the  quanti- 
ties in  advance,  as  any  great  alteration  from  the  anticipated  quantities 
may  cause  loss  to  one  side  or  the  other.  For  instance,  an  engineer  Risk  of  loss  on  one 
who  wishes  to  have  free  scope  for  designing  as  the  works  proceed, 
may  state  as  a  rough  guide  to  contractors  certain  quantities  of  ex- 
cavation, masonry  and  ironwork,  and  ask  for  schedule  rates  to  be 
appended  to  each.  Probably  the  items  of  which  there  are  the 
largest  quantity  will  be  valued  at  the  cheapest  rate.  But  if,  as  the  Causes  of  loss, 
works  proceed,  the  quantities  be  reversed,  then  the  contractor  will 
lose  in  having  to  do  small  quantities  at  the  low  rate,  and  gain  in  the 
great  quantities  at  the  higher  rates,  and  unless — which  is  unlikely — 
the  alterations  balance  each  other,  there  will  be  loss  to  one  of  the 
two  parties  to  the  agreement.  And  there  is  also  the  contingency 
that  the  works  may  be  so  increased  as  to  be  beyond  the  means  of 
execution  of  a  contractor  quite  capable  of  performing  the  anticipated 
work. 

A  schedule  may  be  summarised  in  one  or  few  items,  or  may  be  short  or  summary 
indefinitely  extended,  each  method  having  its  conveniences.  As  an  ■«  «  "  «■• 
example  of  the  first  plan,  certain  goods  which  are  to  be  purchased 
may,  in  regard  to  material,  be  composed  of  three  kinds — iron,  wood 
and  brass,  and  one  average  schedule  rate  for  each  may  suffice  for 
measuring  the  price,  even  though  there  be  a  variety  of  each  kind. 
Where  the  extent  of  the  contract  is  sufficiently  known  from  the  com- 
mencement— for  instance,  where  it  is  fully  described  by  drawings  or 
specification — such  a  limited  schedule  may  serve,  because,  although 
the  cost  of  the  various  kinds  may  differ,  a  contractor  has  an  opportunity 
of  calculating  an  average  rate  for  each  of  the  three  items.  But  when 
the  schedule  is  to  be  the  measure  of  price  for  additions  or  omissions, 
whose  direction  and  extent  are  unknown  till  they  arise,  the  schedule 
would  be  likely  to  prove  insuflficient  and  inequitable,  because  all  the 
articles  comprised  in  the  alteration  might  be  of  extremely  high  or 
low  value,  and  the  average  rates  therefore  would  not  be  fairly  appli- 
cable. Although  a  minute  division  of  the  items  may,  as  the  schedule  Minute  division 
most  likely  to  provide  for  every  contingency,  be  considered  the  most  *   ^"  *' 
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effective,  its  very  minuteness  may  be  the  occasion  of  difficulty.  Thus, 
if  some  extra  commodity  or  work  be  required,  to  which  no  item  in 
the  list  exactly  applies,  a  new  measure  of  value  will  have  to  be  agreed 
upon,  while  a  summary  schedule  which  classed  everything  of  one 
material  together  would  include  it.  In  the  case  of  an  undertaking  of 
a  varied  nature,  or  which  is  likely  to  be  protracted,  it  is  sometimes 
sought  to  provide  for  items  which  may  arise,  not  embraced  by  the 
schedule,  by  stipulating  that  their  cost  price  shall  be  disclosed  and 
proved  by  the  contractor,  who  shall  be  reimbursed  his  actual  expen- 
diture with  a  specified  addition  for  establishment  charges  and  profit. 
This  method  somewhat  resembles  that  of  "  Measure  and  Value," 
which  will  be  presently  referred  to. 

Care  and  skill  are  needed  in  the  division  or  grouping  of  the  items 
in  a  schedule,  so  as  to  state  each  in  the  manner  most  suitable.  There 
are  accustomed  units  of  measurement  for  different  commodities,  but 
knowledge  of  particular  trades  is  necessary  to  their  application.  Not 
only  are  different  articles  or  materials  measured  differently,  but 
varieties  of  the  same  commodity  also  differ.  Thus,  ironwork  is 
generally  sold  by  weight,  but  for  certain  forms  a  lineal  measure  is 
employed,  and  occasionally — as  in  the  case  of  buildings  or  roofs — 
superficial  area.  So  timber  is,  in  its  earlier  stages  of  preparation,  sold 
by  cubic  contents,  but  when  worked  into  certain  forms,  by  lineal 
measure,  and  in  others — such  as  flooring — by  superficies.  To  the 
uninitiated,  the  classification  sometimes  may  appear  arbitrary  or  un- 
necessarily varied,  but  it  is  generally  the  outcome  of  long  experience 
which  has  become  expressed  in  trade  custom.  It  is  generally 
advantageous  for  the  purchasers  to  adopt  the  measure  usual  in  the 
trade,  although  cases  sometimes  arise  where  an  analysis  of  the  rates 
so  stated  may  prove  their  unfairness,  and  some  other  measure  of 
price  may  become  expedient.  Traders  are  generally  averse  to  unaccus- 
tomed measures  of  quantity  or  price,  and  much  foreign  trade  is  lost 
by  those  who  are  unwilling  to  render  their  accounts  in  the  manner 
preferred  by  the  purchaser.  Sometimes  one  kind  of  article  has  to 
b3  divided,  and  different  methods  of  measurement  applied.  For  in- 
stance, iron  columns  are  generally  sold  by  weight,  but  if  on  some 
or  all  of  them  elaborately  ornamental  capitals  be  required,  these 
would  be  more  fairly  valued  at  so  much  each.  Or,  if  timber  or  stone 
in  a  building  be  purchased  by  cubic  measure,  some  fine  carving 
would  need  another  kind  of  appraisement.  Indeed,  where  the  cost 
of  labour  bears  an  unusual  or  extreme  i)roportion  to  that  of  material. 


Part  II.] 


Contmci  and  Purchase. 


435 


sale  by  weight  or  mere  quantity  of  material  is  generally  inappro- 
priate. 

An  imperfectly-drawn  schedule  not  only  renders  an  estimate  of 
cost  difficult,  but  often  hinders  the  proper  comparison  of  numerous 
tenders ;  and  even  although  the  total  price  demanded  in  each  may 
be  arrived  at,  an  investigation  as  to  which  would  prove  most  favour- 
able in  the  event  of  extras  or  omissions  may  be  difficult  or  impossible. 
If,  for  example,  tenders  be  invited  of  prices  for  a  schedule  of  one 
hundred  items,  of  which  no  quantities  are  stated,  it  will  be  dangerous 
to  assume  that  the  tender  which  is  lowest  for  the  majority  of  items 
is  really  the  cheapest ;  for  even  though  cheaper  in  nine-tenths  of  them, 
yet  if  the  quantity  required  of  the  numerous  low-priced  items  be  small, 
and  the  quantity  of  the  few  high-priced  items  large,  the  apparently 
cheapest  tender  may  prove  to  be  not  so.  Railway  companies  and 
others  who  purchase  regularly  stores  of  various  kinds,  often  invite 
tenders,  which  are  to  be  binding  for  one  or  more  years,  and  a  properly 
framed  schedule  should,  for  such  a  purpose,  state  approximate  quanti- 
ties, or,  if  no  nearer  guide  be  possible,  the  actual  quantity  of  each 
article  which  has  been  purchased  in  past  years.  If  one  dealer  has  a 
knowledge,  not  shared  by  his  competitors,  of  the  relative  quantities, 
he  is  evidently  favoured.  For  if,  secretly  informed  that  of  certain 
items  large  quantities  are  to  be  purchased,  high  prices  are  ap])ended 
to  them,  while  for  the  much  more  numerous  items,  low  prices  are 
appended,  a  high  tender  may  be  made  to  appear  the  most  favour- 
able one  to  those  who  adjudicate.  Provision  is  sometimes  made, 
in  contracts  for  long  periods,  for  adjustments  to  meet  fluctuations  in 
the  value  of  materials.  Thus,  the  regularly  published  prices  of  some 
leading  commodity  may  be  taken  as  the  standard,  and  the  contract 
prices,  though  not  similar  in  rate  or  amount,  may,  in  regard  to 
fluctuations,  be  made  to  follow  such  published  prices. 

Ordinary  money  units  are  not,  in  some  cases,  small  enough,  and 
percentages  of  increase  or  diminution  have  to  be  employed  for  adjust- 
ment. Thus,  for  example,  the  measure  of  quantity  for  certain  com- 
modities may  be  so  small  as  to  require  units  of  pence  as  the  price  ; 
and  farthings  as  the  smallest  denomination  may  not  allow  with  suffi- 
cient minuteness  for  subdivision  or  fluctuation.  But  the  price  having 
first  been  stated  as  nearly  as  may  be  in  money,  the  aggregate  sum 
for  which  a  quantity  of  such  commodities  is  sold  can  then  be  further 
altered  by  one-hundredth  parts  or  fractions  of  one  hundred.  Indeed, 
in  certain  trades  the  whole  adjustment  is  so  arranged,  and  permanent 
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prioe-lists  are  adopted  by  all  dealers,  fluctuations  in  cost  or  the  com- 
petitive prices  of  traders  being  entirely  expressed  by  percentages.  It 
is  to  this  custom  that  the  apparent  anomaly  is  owing  of  prices  being 
sometimes  subjected  to  diminution  of  as  much  as  80  per  cent.  The 
adoption  of  the  decimal  system  of  coinage,  which  allows  of  infinite 
subdivision,  would  render  this  double  and  sometimes  clumsy  method 
unnecessary.  Besides  the  trouble  it  involves,  the  plan  has  the  dis- 
advantage of  facilitating  overcharge  by  retailers,  who,  by  exhibiting 
printed  price-lists  to  uninitiated  purchasers,  may  obtain  more  than  a 
usual  or  legimate  profit. 

Adjustment  by  percentage  is  in  the  majority  of  cases  downward, 
but  sometimes  it  is  upwards.  Thus  the  price  of  sea-freight  for 
merchandise  is  usually  subject  to  an  addition,  known  as  "  primage," 
of  from  5  to  I  s  per  cent. ;  and  this,  which  probably  in  its  origin  was 
an  independent  charge  for  some  separate  service,  is  now-  merely  a 
part  of  the  price.  A  peculiar  system  of  schedule,  with  fixed  rates,  is 
adopted  by  certain  Government  departments  where  contracts  for 
repairs  or  other  services,  who;5e  extent  cannot  be  ascertained  in 
advance,  are  continually  occurring.  The  schedule  embraces  such 
ittm.s  of  labour,  material,  or  other  commodity,  as  have  been  found 
by  experience  to  be  required ;  and  against  each  item  is  a  printed 
price  or  rate,  each  competitor  being  required  to  state  at  what  per- 
centage above  or  below  the  printed  rates  he  will  execute  the  work 
or  supply  the  commodities  ;  and  the  most  advantageous  offer  is  so 
ascertained.  The  quantity  of  work  done  is  measured,  and  the  bill 
drawn  up  at  the  printed  rates,  and  the  percentage  added  or  deducted 
at  the  time  of  payment.  This  method  is  adopted  partly  because  it 
suits  peculiar  systems  of  account-keeping ;  but  mainly,  as  already 
stated,  because  the  ordinary  money  units  are  not,  in  the  case  of 
certain  commodities,  sufficiently  minute. 

Where  an  elaborate  or  detailed  bill  of  quantities  is  provided  as 
the  basis  of  a  contract,  and  where  the  price  has  to  be  stated  in  one 
total  amount,  it  is  often  considered  that  the  bill,  with  a  rate  appended 
to  each  item,  will  form  the  best  possible  schedule  for  any  additions  or 
omissions  wtiich  may  be  afterwards  made  in  the  contract.  To  carry 
out  this  plan,  each  competitor  is  called  upon  to  deposit  with  his 
tender  the  detailed  bill  of  quantities  so  priced  out;  although  generally 
the  deposit  is  under  seal,  which  is  only  opened  when  the  need  arises, 
and  in  the  case  only  of  the  competitor  whose  contract  is  a(  ccpted. 

Hut  there  are  certain  engmeering  undertakings  in  which  it  is  very 
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difficult  to  frame  a  schedule  which  shall  apply  fairly  to  additions  or 
omissions.  The  custom  of  including  every  charge  in  a  rate  according 
to  quantity  demands,  in  some  cases,  peculiar  subdivision  to  make  it 
safely  applicable.  Thus  a  contractor  may  have  to  provide  expensive 
plant,  machinery,  and  apparatus,  the  extent  or  cost  of  which  would 
be  but  slightly  altered  if  the  quantity  of  work  were  to  be  diminished 
or  increased.  Therefore,  having  these  fixed  expenses  already  pro- 
vided for,  extra  work  could  be  performed  at  less  rates  than  those  in 
the  primary  contract,  while  deductions  in  price  for  omissions  should 
also  be  made  at  a  less  rate,  because  the  contractor  would  only  save 
the  material  and  labour  deducted,  and  not  a  like  proportion  of  his 
apparatus  and  fixed  charges.  To  meet  cases  of  this  sort  three 
schedule  rates  may  have  to  be  agreed  upon  for  one  item.  An 
example  of  this  kind  would  be  afforded  by  the  case  of  a  harbour  or 
jetty,  in  which  timber  piles  may  be  scheduled  at  a  price  per  cubic 
foot.  In  this  item  the  contractor  must  include  a  proportion  of  the 
numerous  fixed  charges  which  have  to  be  incurred,  but  of  which  only 
some  pertain  immediately  to  the  piles.  Thus,  the  cost  of  boats, 
staging,  and  appliances,  as  well  as  superintendence,  risk  of  wreck,  or 
delay  from  storms,  have  to  be  provided  for ;  and  accordingly  a  price 
per  cubic  foot  is  stated  which  may  for  timber  seem  very  high.  Now 
if,  after  the  contractor  has  provided  for  staging  and  machinery,  the 
engineer  diminishes  the  number  of  piles  or  reduces  them  in  size,  a 
deduction  at  the  primary  schedule  rate  would  deprive  the  contractor 
of  more  than  he  would  save  by  the  deduction ;  while,  on  the  other 
hand,  if  the  quantity  of  timber  were  much  increased,  the  schedule 
rate  would  give  him  too  much.  And  even  if  a  separate  schedule  rate 
per  lineal  foot  of  driving  the  piles  be  provided,  the  same  discrepancy 
would  arise  if  alterations  occurred  in  the  length  driven,  as  not  only 
the  staging  and  machinery  have  in  any  case  to  be  provided,  but  the 
piles  prepared,  conveyed,  and  pitched  in  place,  whatever  be  the  depth 
of  their  insertion.  Experience  in  particular  kinds  of  works,  and  a 
mutual  consideration  between  engineer  and  contractor,  will  alone 
allow  an  equitable  adjustment  in  such  cases. 

Schedule  rates  are  of  great  service  in  diminishing  the  uncertainty 
of  charges,  even  when  they  cannot  exactly  regulate  them.  Thus, 
although  it  is  often  difficult  to  estimate  beforehand  the  expense  of 
repairs,  at  least  many  of  the  rates  may  be  agreed  upon  in  advance. 
For  instance,  if  a  steamer  is  to  be  repaired  or  refitted  in  a  dock,  the 
rent  of  the  dock  per  day,  the  wages  per  day  of  the  different  artificers, 
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and  perhaps  also  the  prices  of  material,  may  be  arranged,  thus  afford- 
ing the  employer  considerable  check  on  the  charges.  But  schedules 
of  prices,  unless  made  subject  to  addition  or  alteration,  seldom  prove 
sufficient  for  repairs  ;  for  the  discovery  of  unforeseen  defects,  which 
may  also  have  to  be  repaired  as  the  works  proceed,  the  consequent 
delay,  and  other  circumstances,  would  often  operate  unfairly  against 
one  or  other  side. 
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(c)  The  measuring  of  price  by  Units  of  Contents  is  necessary  in  the 
commerce  of  certain  commodities,  liable  to  variation  in  their  compo- 
sition or  richness,  which  can  only  be  conveniently  ascertained  after 
purchase.  It  is  chiefly  raw  materials  or  chemicals  that  demand  this 
kind  of  appraisement ;  alkalis  and  mineral  phosphates  being  among 
the  most  important  of  the  latter.  As  an  example  of  the  former,  the 
value  of  ore  obviously  depends  upon  its  richness ;  and  as  the  produce 
even  of  the  same  mine  continually  varies,  or  is  combined  with  a  vary- 
ing amount  of  other  ingredients,  an  analysis  of  each  lot  purchased  can 
alone  determine  its  value.  Of  course  there  are  simple  cases  where 
long  experience  has  proved  that  an  average  quality  may  be  depended 
on ;  and  where  this  happens  with  ores  of  low  value,  an  occasional 
analysis  may  be  considered  sufficient,  especially  if  the  ore  is  to  be 
used  in  the  vicinity  of  the  mines,  so  that  the  results  will  soon  be  known. 
But  if  the  ore  be  variable,  or  contain  ingredients  differing  in  worth 
and  liable  to  vary  in  their  proportionate  quantity,  careful  analysis 
can  alone  determine  their  value  for  any  particular  purpose ;  and  as  it 
would  be  inconvenient  and  expensive  for  a  seller  and  buyer  to 
examine  and  analyse  with  sufficient  minuteness  before  bargaining,  it 
is  usual  to  buy  while  the  exact  quality  is  as  yet  unknown,  and  to  agree 
on  a  price  to  be  paid  for  each  unit  of  one  or  more  ingredients,  the 
amount  of  which  the  analysis  will  disclose. 

In  the  sale  of  chemicals,  payment  is  usually  made  for  the  aggregate 
of  units  at  an  agreed  rate  per  unit.  Thus  a  sale  of  mineral  phosphate 
may  be  made  at  1 2d.  per  unit  per  ton,  and  if  analysis  shows  65  per 
cent,  the  price  will  be  655.  per  ton,  and  if  60  per  cent.  6ox.  per  ton. 
But  in  the  case  of  ores  it  is  usual  to  make  the  contract  at  a  certain 
rate  per  ton,  and  then  to  add  or  deduct  according  as  the  analysis 
shows  more  or  less  than  the  standard  of  quality  that  may  have  been 
agreed  upon.  For  instance,  a  contract  may  be  made  for  iron  ore  at 
the  price  of  ioj.  per  ton,  on  the  assumption  that  it  will  yield  60  per 
cent,  of  metal,  and  it  may  be  stipulated  that  for  every  unit  above  and 
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below  60,  3^.  per  ton  shall  be  added  to  or  deducted  from  the  price. 
The  two  parties  to  the  transaction  are  generally  willing  to  make  a 
bargain  of  this  kind,  because  they  are  aware  beforehand,  within 
moderate  limits,  of  what  the  quality  will  actually  be,  for  the  unit  price 
may  not  be  appropriate  beyond  moderate  limits.  For  instance,  if 
the  metallic  yield  of  the  ore  be  less  than  50  per  cent.,  the  purchaser 
may  have  the  option  of  refusing  it,  for  the  expenses  of  fuel,  manipula- 
tion and  carriage  may  render  such  ore  almost  valueless.  Or  instead 
of  having  the  right  of  absolute  rejection,  it  may  be  stipulated  that 
the  rate  per  unit  t6  be  deducted  shall  increase  as  the  quality  be- 
comes poorer.  On  the  other  hand,  a  very  rich  ore  may  be  worth 
more  than  is  represented  by  the  ordinary  unit  price,  so  it  may  be 
agreed  upon  that  for  every  unit  of  contents  above  65  per  cent,  ^d, 
shall  be  the  rate  of  increase  in  the  price  per  ton  instead  of  3//. 

A  contract  of  this  kind,  based  on  what  may  be  called  simple  units, 
does  not,  however,  suffice  for  ores  not  depending  for  their  value 
merely  on  their  gross  metallic  yield,  and  adjustment  of  price  by  com- 
pound units  becomes  necessary.  Thus,  for  steel-making,  a  particular 
ore  may  be  purchased  because  of  the  manganese  it  is  supposed  to 
contain^  in  addition  to  the  iron  which  is  primarily  necessary.  As  an 
example,  such  ore  may  be  purchased  at  a  nominal  price  of  1 2 j.  per 
ton,  on  the  basis  of  30  per  cent,  iron  and  15  per  cent,  manganese, 
subject  to  an  addition  or  deduction  of  3^.  per  unit  for  more  or  less 
iron,  and  9^.  per  unit  for  more  or  less  manganese,  the  purchaser 
having  the  right  of  rejection  if  either  of  the  ingredients  or  the  total 
metallic  yield  fail  to  reach  certain  specified  percentages.  There  may 
be  also  the  stipulation  just  referred  to,  that  the  unit  price  may  be 
increased  when  a  certain  richness  is  exceeded. 

In  contracts  for  large  quantities  of  ore,  on  such  terms  as  those 
just  described,  the  correctness  of  the  analysis  is  of  the  highest  im- 
portance, both  to  the  seller  and  buyer,  and  the  correctness  of  the 
sampling  is  of  no  less  importance,  and  is  a  matter  of  real  difficulty 
when  the  substance  is  not  homogeneous.  Representatives  of  both 
seller  and  buyer  are  generally  present  to  assist  at  the  sampling,  which 
is  effected  either  at  the  mine,  at  some  place  of  transfer  or  shipment, 
or  at  the  place  of  delivery.  It  is  usual  to  agree  upon  a  sample  as 
correct  before  proceeding  to  the  assay,  as  complicated  disputes 
would  otherwise  arise.  A  sample  is  generally  divided  into  three 
parts,  one  each  for  the  seller  and  buyer,  who  eat  h  employ  an  analyst, 
and  the  third,  in  case  of  dispute,  for  the  analyst  who  is  appointed  as 
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umpire.  Sometimes,  however,  the  result  of  one  impartial  examina- 
tion is  agreed  upon  as  the  basis  of  an  invoice. 

Disputes  sometimes  arise  in  contracts  of  this  sort  from  an  alteration 
in  the  ore  after  the  sample  has  been  taken.  When  exposed  to  change 
in  weather  or  climate,  or  to  the  vicissitudes  of  a  sea  voyage,  ore — 
especially  if  it  be  in  a  loose  powder  state — will  absorb  moisture.  A 
shipowner  or  carrier,  whose  freight  is  paid  on  gross  weight,  is  not 
always  disposed  to  protect  his  cargo  from  moisture.  Disputes  some- 
times arise  in  regard  to  the  added  or  deducted  units,  upon  which  the 
possible  profit  to  seller  or  buyer  may  entirely  depend.  To  be  quite 
safe,  a  purchaser  should  assume  as  likely  to  occur  the  worst  result 
from  the  analysis  which  the  terms  of  the  bargain  allow,  for,  pre- 
sumably, the  unit  tariff  has  been  arranged  so  as  to  meet  fairly  any 
results  which  the  analysis  may  disclose. 

The  application  of  scientific  methods  to  commercial  valuation  has 
enhanced  greatly  the  necessity  for  qualified  analytical  chemists, 
whose  services  are  likely  to  be  in  increased  request  both  for  this 
purpose  and  for  the  processes  of  manufacture. 
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(d)  Payment  by  Results  accomplished  may  be  agreed  upon,  either 
on  the  basis  of  a  sum  of  money,  or  by  schedule  rates ;  but  such  an 
agreement  generally  differs  from  ordinary  contracts  for  the  supply 
of  goods  or  the  performance  of  works,  in  that  the  method  is  left 
entirely  to  the  contractor,  who,  moreover,  may  not  be  entitled  to  any 
remuneration  whatever  if  he  fail  in  attaining  the  specified  result. 
Thus,  the  pumping-out  of  a  dock  or  lake,  the  recovery  of  sunken 
treasure,  the  raising  of  a  sunken  ship,  the  finding  of  minerals  in  a 
doubtful  mine,  the  deepening  of  an  estuary,  the  removal  of  a  river 
bar,  or  the  navigating  some  small  or  peculiar  vessel  across  the  sea, 
are  speculative  works  which  may  be  undertaken  under  this  form  of 
contract.  This  method  of  payment  is  sometimes  adopted  by  public 
bodies  and  others,  who  have  not  the  right  or  inclination  to  spend  the 
funds  entrusted  to  them  on  undertakings  whose  success  is  doubtful ; 
and  as  it  may  be  diflScult  or  impossible  to  make  a  separate  contract 
of  insurance  to  cover  the  risk,  they  accept  the  offer  of  some  specu- 
lative contractor  who  takes  the  risk  of  failure,  but  who  demands  in 
consequence,  remuneration  in  the  event  of  success  which  will  leave 
a  more  than  ordinary  rate  of  profit.  To  the  spirit  and  enterprise  of 
such  contractors,  the  carrying  out  of  many  important  works  which 
would  not  otherwise  have  been  attempted  is  due. 
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(c)  Measure  and  Value  become  necessary  for  arriving  at  a  price 
where  no  contract  has  been  made ;  and  even  in  undertakings  for 
which  schedule  rates  have  been  agreed,  goods,  or  works,  or  services, 
not  contemplated  or  provided  for  in  the  schedule,  demand  this  kind 
of  appraisement. 

A  buyer  may  by  his  own  knowledge,  or  by  a  trust  in  the  fairness 
of  the  seller,  be  so  satisfied  in  regard  to  the  charge*  as  to  pay  them 
without  demur ;  or  a  price  may  be  arrived  at  by  haggling ;  or,  failing 
agreement,  the  evidence  of  experts  who  measure  and  value  the  com- 
modities may  become  necessary.  The  buyer  sometimes  seeks  to 
check  the  charges  of  the  contractor  by  keeping  an  account  of  the 
workmen's  time  and  measuring  the  materials  as  they  arrive.  A  seller 
is  only  entitled  to  a  reasonable  price,  and  in  case  of  dispute  must 
prove  that  his  charges  are  fair.  On  the  other  hand,  a  buyer  who  has 
taken  delivery  of  goods  without  previous  agreement  as  to  thfe  price, 
cannot  return  them  when  he  learns  the  price,  but  can  only  require 
that  they  be  impartially  valued.  Arbitration  is  generally  appealed 
to  in  disputes  concerning  value ;  and  in  England,  even  when  a  legal 
tribunal  is  preferred  by  the  litigants,  judges  are  disposed  to  encourage, 
and  sometimes  almost  to  enforce,  the  reference  to  an  arbitrator  rather 
than  to  a  jury.  The  provisions  made  in  engineering  contracts  for 
arbitration  are  often  directed  specially  to  disputes  in  price,  and,  if 
fairly  arranged,  afford  a  convenient  mode  of  settlement.  But  it  is 
essential  that  the  appointment  of  the  arbitrator  and  the  conditions  of 
hearing  shall  command  the  confidence  of  both  sides. 
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CHAPTER   XVII. 

CONTRACT   AND   PUKCHASE   (CONTINUED), 
rURCIIASE  FOR   EXPORT. 

In  the  conduct  of  the  en- 
gineering trades  technical 
considerations  are  involved 

which  are  unusual  in  ordi- 
nary mercantile  affairs  ;  and 
difliculcies  arising  from  this 
cause  are  increased  in  the 
case  of  foreign  transactions. 
Notwithstanding  the  estab- 
lishment of  iron-works  and 
engineering  factories  in  the  principal  colonial  cities  and  elsewhere, 
the  demand  from  Europe  still  continues  and  extends.     Where  the 
demand  is  connected  with  large  public  works,  as,  for  instance,  where 
railway  materia]   or   equipment  is   required,  it  frequently  happens, 
especially  in  connection  with  large  and  long-established  undertakings, 
Orginiution  for    that  for  obtaining  what  is  required  a  complete  organisation  exists. 
If  Great  Britain  be  the  country  of  manufacture,  there  are  engineers 
ready  to  design  or  specify ;    Government  or  other  officials  to  buy. 
Official!  mnd       inspect  and  forward  ;    bankers  to  provide  funds  ;  and,  indeed,  every 
means  by  which  economy  and  fitness  may  be  ensured.     But  in  new 
Not  mvniiabic  In    and  Smaller  undertakings,  and  for  the  multitude  of  private  enterprises 
undeitukinia.      <n  foreign  countries,  such  a  complete  organisation  is  obviously  impos- 
sible, and  it  is  to  cases  of  this  sort  that  the  following  remarks  are 
mainly  directed. 
Subdiviiion  of  There  is  an  increasing  tendency  in  all  trades  towards  subdivision, 

and  factories  are  confined  to  the  production  of  a  few  specialties 
where  formerly  miscellaneous  work  ivas  undertaken.     Special  tools 
i^«F*croRiF5.      and  processes  are  continually  being  introduced,  and  almost  invari- 
ck.if.  XVIII.       aijiy  the  manufacturer  who  by  these  means  does  his  work  Lest,  does 


public  work!. 
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it  cheapest  also.  It  is  very  difficult  for  a  purchaser  in  a  distant 
country,  even  if  he  be  an  engineer,  to  keep  himself  acquainted  with 
the  changes  and  improvements  that  are  constantly  occurring  in  the 
country  of  manufacture;  and  if  not  an  engineer,  it  is  almost  im- 
possible. To  these  difficulties  must  be  added  the  fluctuations  in 
prices,  which  are  peculiarly  inconvenient  when  intercommunication 
occupies  much  time. 

The  cost  of  all  manufactures  is  greatly  dependent  on  the  current 
prices  of  material,  notably — in  the  engineering  trades — of  iron,  steel, 
and  coal,  and  these  prices  have  at  times  been  double  those  at  another. 
While,  however,  the  normal  prices  of  manufactures  are  determined 
by  the  cost  of  production  and  the  amount  of  profit  which  will  tempt 
manufacturers  or  sellers  to  carry  on  the  trades  in  question,  the 
current  prices  and  fluctuations  depend,  not  upon  the  cost,  but  upon 
the  demand ;  for  if  this  be  greater  than  the  supply,  sellers  have  the 
advantage  until  time  enough  elapses  to  allow  new  factories  to  be 
built  or  the  supply  to  be  increased.  On  the  other  hand,  if  the  de- 
mand be  slack,  the  competition  of  manufacturers  who  wish  to  keep 
their  factories  employed,  or  of  dealers  who  must  sell  their  stock,  will 
bring  down  prices  to,  or  even  occasionally  below,  cost. 

The  prices  of  plain  or  of  heavy  goods,  in  which  the  value  of  the 
material  is  large  in  proportion  to  the  labour  expended  on  it,  obey 
immediately  (when  trade  is  in  a  normal  condition),  by  rising  or  fall- 
ing, every  alteration  in  the  price  of  material.  But  where  only  a  small 
proportion  of  the  total  cost  is  for  material,  slight  fluctuations  in  the 
value  of  the  latter  have  little  or  no  effect.  Thus,  the  prices  of  rail- 
way chairs  or  heavy  iron  pipes  will  vary  from  day  to  day  with  the 
rates  current  for  pig  iron ;  the  prices  of  bar  iron  will  follow  rather 
more  slowly,  because  other  outlay — such  as  that  for  puddling — comes 
between ;  while  the  selling  price  of  a  steam  engine  may  remain  the 
same  though  pig  iron  rise  or  fall  ten  shillings  per  ton.  But  if  any 
great  alteration  occur  in  the  cost  of  material,  or  if  even  a  moderate 
alteration  be  long  maintained,  the  prices  of  the  finished  commodity 
will  alter  also,  not  merely  because  the  material  has  an  enhanced 
value,  but  because  a  considerable  or  long-maintained  rise  usually 
signifies  a  general  briskness  of  trade.  Such  fluctuations  in  the  cost 
of  material  are  of  special  consequence  in  international  transactions, 
because  much  time  may  elapse  before  a  bargain  can  be  concluded. 
A  manufacturer  of  railway  chairs  could  not,  without  risk  of  loss,  keep 
an  offer  open  for  acceptance  for  longer  time  than  a  week,  unless  the 
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tendency  of  prices  was  obviously  downwards,  or  unless  he  added  to  the 
price  something  by  way  of  insurance,  thus,  in  effect,  making  the  offer 
a  speculative  one.  A  manufacturer  of  bars  or  plates,  to  whom  the 
price  of  pig  iron  is  not  of  such  immediate  consequence,  could  venture 
further  than  the  maker  of  chairs,  and  would  probably,  in  a  similar 
condition  of  the  market,  hold  the  offer  open  for  a  fortnight ;  a  maker 
of  bridges  perhaps  for  a  month ;  while  a  locomotive  builder  would 
seldom  hesitate  to  leave  an  offer  of  price  open  for  acceptance  for 
three  months,  though,  in  all  these  cases,  there  would  be  a  risk  that 
during  the  interval  the  factory  might  become  fully  occupied  with 
other  work.  If  it  is  desired  to  avoid  these  disadvantages  of  distance 
by  the  use  of  the  telegraph,  care  must  be  taken  to  avoid  ambiguity. 
Where  the  transaction  is  one  frequently  occurring  between  regular 
correspondents,  the  conditions  and  details  may  generally  be  arranged 
in  advance  by  letter,  leaving  only  the  bare  statement  of  price  to 
follow  by  telegraph.  It  is  unnecessary  to  describe  here  the  elaborate 
and  ingenious  codes  by  which  telegraphic  communications  are  facili- 
tated and  cheapened ;  and  there  are  codes  specially  prepared  for 
the  engineering  trades.  But  where  no  preparation  has  been  made  in 
advance,  then  the  telegraph  should,  if  possible,  be  only  used  in  one 
direction,  full  details  being  given  by  letter  in  the  other.  The  circum- 
stances of  each  case  must  determine  whether  the  inquiry  or  the  reply 
should  be  by  telegraph. 

In  choosing  engineering  material  or  apparatus  of  any  kind,  and  for 
any  situation,  there  are  always  circumstances  to  be  considered  other 
than  the  direct  or  immediate  purpose  for  which  they  are  required ; 
and  when  the  articles  chosen  are  for  export  to  a  foreign  country, 
these  secondary  or  subsidiary  incidents  become  more  numerous. 
The  weight  which  any  or  all  of  them  may  have  depends,  of  course, 
on  the  circumstances  of  each  particular  case.  It  may,  however,  be 
convenient  to  summarise  them  here  as  follows : 
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1.  The  Cost  and  Risk  of  Sfea  Carriage. 

2.  The  Import  Duties  which  may  be  imposed. 

3.  The  Difficulties  and  Cost  of  Transport  Inland. 

4.  The  Difficulties  and  Expense  of  Erection,  Setting  to  Work,  or 

Treatment  at  the  Destination. 

5.  The  Exigencies  of  Locality,  Climate,  or  Space. 
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(i)  The  Cost  and  Risk  of  Sea  Carriage. — The  prosperity  of  a 
manufacturing  country  depends  as  much  upon  the  facilities  for  ship- 
ment as  upon  the  facilities  for  manufacture.  The  price  at  the  place 
of  destination  is  that  which  really  interests  the  purchaser,  and  the 
cost  merely  at  the  place  of  manufacture  will,  if  taken  alone,  mislead, 
as  it  is  only  one  of  many  incidents  which  must  be  considered 
together.  The  price  of  freight  is  determined  by  a  variety  of  circum- 
stances, some  of  which,  at  first  sight,  appear  to  have  little  relation  to 
the  matter.  The  primary  conditions  are  the  size,  shape,  and  weight 
of  the  pieces  to  be  carried,  and  the  length  of  the  voyage  ;  and  where 
the  export  of  the  goods  in  question  forms  a  regular  staple  trade  of 
importance,  the  cost  of  freight  is  mainly  determined  by  these  con- 
ditions, although  the  actual  price  of  freight — like  that  of  any  other 
commodity — is  liable  to  extreme  variations  if  the  demand  suddenly 
grow  or  diminish.  But  it  is  seldom  that  material  connected  with  the 
engineering  trades  is  alone  sufficient  for  complete  cargoes,  and  the 
shipment  of  such  material  either  only  forms  in  each  case  part  of  a 
cargo,  or,  as  in  the  case  of  large  quantities  of  rails  or  other  railway 
equipment,  is  eflfeoted  by  chartering  a  vessel  specially  for  the  voyage. 
Engineering  material  is  generally  heavy  in  proportion  to  its  bulk ;  and 
where  this  is  the  case,  shipowners,  while  they  would  be  averse  to 
taking  a  shipload  of  it,  are  glad  to  have  it  with  other  cargo,  because 
of  its  utility  as  ballast.  Variety  in  the  kind  of  merchandise  conveyed 
tends  much  to  cheapen  the  cost  of  sea  carriage,  for  both  light  and 
heavy  goods  are  needed  for  the  advantageous  stowage  of  a  ship.  It 
is  because  woven  fabrics  and  other  light  merchandise  are  exported 
so  abundantly  from  Great  Britain,  that  the  products  of  the  engineer- 
ing trades  are  conveyed  so  cheaply.  The  freight  for  heavy  goods  is 
charged  by  the  ton  of  2240  lbs.,  and  for  light  or  bulky  goods  by  the 
measurement  ton  of  40  cubic  feet,  the  shipowner  having  the  option 
of  choosing  the  method  which  gives  him  the  highest  freight.  Some- 
times, however,  special  contracts  are  made  by  which  weight  only  is 
reckoned,  this  course,  for  instance,  being  expedient  sometimes  in  the 
case  of  bridgework  or  pipes,  where  some  of  the  pieces,  if  strictly 
measured,  might  be  charged  at  rates  unduly  high.  For  very  heavy 
or  bulky  pieces,  such  as  locomotives,  boilers,  or  thrashing  machines, 
ordinary  rates  do  not  apply,  and  a  special  bargain  is  made.  The 
current  rate  of  freight  depends  also  on  the  likelihood  of  a  profit- 
able return  voyage.  As  in  an  inland  trade  reciprocity  cheapens 
transport,  so   in  a  foreign  trade,  low   rates  of  freight  outward  are 
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only  possible  where  imports  are  encouraged;  an  unrestricted  in- 
tercourse between  nations,  and  the  consequent  employment  of 
ships,  being  among  the  benefits  which  a  wise  policy  of  free-trade 
affords.  Thus,  if  there  is  a  heavy  crop  of  tea  in  China,  or  of  cotton 
in  India,  so  many  vessels  may  in  each  case  start  to  fetch  it,  as  to 
make  outward  freights  cheap.  The  profitable  return  voyage,  to  have 
this  effect,  need  not  even  be  to  the  same  country.  For  instance,  the 
selling  price  at  Philadelphia  of  Spanish  iron  ore  *  (of  which  large 
quantities  have  been  sent  to  the  United  States)  will  be  affected  by 
the  fluctuations  in  the  price  of  wheat  in  London,  because  high  prices 
in  England  encourage  the  export  of  corn  or  flour  from  America, 
and  the  prospect  of  such  com  cargoes,  inducing  an  increased  number 
of  European  vessels  to  cross  the  Atlantic  to  fetch  them,  has  the 
effect  of  reducing  freights  westward.  On  the  other  hand,  freights 
sometimes  suddenly  rise  because  of  a  demand  in  another  direction. 
Thus,  to  take  a  similar  example,  if  much  com  awaits  shipment  in 
Odessa,  vessels  will  be  attracted  thither  instead  of  westward,  and 
freights  to  America  will  rise. 

In  making  contracts  for  machinery  or  engineering  material,  the 
proximity  of  the  factory  to  the  port  of  shipment  must  be  considered. 
The  cost  of  carriage  to  the  port  often  amounts  to  as  much  as,  or  more 
than,  the  freight  by  sea  to  a  distant  country ;  and  this  circumstance, 
of  course,  is  of  increased  importance  for  those  commodities  in  which 
the  expense  of  carriage  bears  a  considerable  proportion  to  their  total 
cost.  Where  the  goods  are  in  large  quantities,  as  is  often  the  case 
with  coals  or  railway  material,  a  vessel  may  be  sent  to  the  nearest 
port  to  fetch  the  cargo,  instead  of  the  cargo  being  sent  to  a  port 
which  suits  the  vessel.  For  instance,  in  Great  Britain,  steam  coals 
and  railway  iron  are  shipped  from  Newport  and  Cardiff;  coals,  pig 
iron,  and  pipes  from  the  Tyne,  the  Tees  and  the  Clyde ;  while  the 
largest  proportion  of  machinery  and  general  engineering  material  is 
shipped  at  London,  Liverpool,  Glasgow  and  Hull.  At  whatever  port 
cargoes  are  lying,  vessels  may,  as  just  mentioned,  be  chartered  to  go 
there  and  take  them.  But  even  where  the  goods  offered  are  not 
sufficient  to  fill  a  vessel,  they  may  be  enough  to  induce  a  shipowner 
to  send  his  vessel  to  call  at  a  particular  port  to  fetch  them,  to  com- 
plete a  cargo  commenced  or  finished  elsewhere.  But  although  vessels 
to  any  foreign  country  may  sail  indifferently  from  any  British  port,  it 
has  become  the  custom,  either  because  of  the  exigencies  of  the  home- 
ward trade,  or  because  certain  harbours  are  suitable  for  the  vessels  in 
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question,  or  for  other  economical  reasons,  that  particular  trades  or 
destinations  are  associated  with  particular  ports  of  departure,  and 
the  larger  proportion  of  machinery  shipped  from  Great  Britain  has 
to  go  with  other  and  miscellaneous  cargo  from  these  customary 
ports. 

The  strength  of  the  goods  to  endure  the  risks  of  transit ;  the  order 
or  sequence  in  which  shipments  shall  be  made  ;  the  best  methods  of 
packing  \  care  in  loading ;  the  security  of  stowage  on  deck  or  in  the 
hold,  are  all  matters  which  demand  attention,  especially  in  the  case 
of  heavy,  bulky,  or  fragile  cargo,  such  as  boilers,  locomotives,  roof- 
work  or  light  castings. 

When  cargo  is  shipped,  bills-of-lading  are  signed,  by  which  the 
owner  or  agent  of  the  vessel  undertakes  to  deliver  the  goods  at  their 
port  of  destination  in  good  order  and  condition,  unless  certain  acci- 
dents or  events  which  are  specified  in  the  bill-of-lading,  relieve  him 
from  his  liability.  Shipowners  frequently  seek  to  reduce  their  re- 
sponsibility as  carriers  by  introducing  into  the  bill-of-lading  special 
clauses,  favourable  to  themselves  ;  and  while  it  is  doubtful  how  far  such 
exceptional  stipulations  can  be  legally  enforced,  it  is  advisable  for 
the  shipper  to  protect  himself  either  by  insisting  on  proper  terms, 
or  by  insurance  against  the  loss  of  or  damage  to  his  goods  that  may 
occur  upon  the  voyage.  The  total  cost  at  a  foreign  port  of  arrival  of 
a  cargo  of  cast-iron  pipes  will  not,  however,  be  comprised  in  the 
original  purchase  money,  with  the  expenses  of  freight  and  insurance 
added,  unless  the  liability  for  breakage  be  also  allotted.  A  bill-of- 
lading  excludes  this  liability  and  underwriters  will  seldom  insure  it. 
Therefore  a  contract  to  supply  goods  C.  I.  F.  (cost,  insurance,  freight) 
leaves  to  a  buyer  risks  which  he  avoids  when  the  seller  has  contracted 
to  deliver  the  goods  at  the  port  of  arrival.  In  the  latter  case,  the 
seller  takes  all  the  risks — insuring  as  best  he  can — ^and  must  replace 
anything  lost  or  damaged. 

The  percentage  of  premium  paid  for  marine  insurance  is  deter- 
mined by  various  conditions,  such  as  the  direction  and  probable 
duration  of  the  voyage,  the  age  and  character  of  the  vessel,  the  nature 
of  the  cargo,  and  in  some  cases  by  the  season  of  the  year  in  which 
the  voyage  takes  place.  Insurance  can  be  effected  to  include,  besides 
the  risk  of  total  loss,  that  of  partial  damage  (if  amounting  to  not  less 
than  3  per  cent.),  when  it  arises  from  perils  of  the  sea ;  and  on 
ordinary  merchandise  it  is  generally  advantageous  to  insure  in  this 
way,  technically  called  **  insuring  with  average."     It  is  usual,  how- 
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ever,  to  exclude  this  part  of  the  risk  when  insuring  iron  or  rough 
cargoes,  policies  being  then  effected  "  free  of  particular  average " 
(f.  p.  a.),  the  underwriters  being  then  freed  from  liability  for  partial 
damage,  unless  "  the  vessel  be  stranded,  sunk  or  burnt,"  in  either  of 
which  cases  the  underwriter  has  to  pay  for  the  damage  or  expense, 
whether  it  arise  in  consequence  of  this  special  casualty  or  not.  It  need 
hardly  be  said  that,  other  circumstances  being  equal,  the  premium  is 
larger  in  the  case  first  mentioned  than  in  the  second,  and  the  under- 
writers naturally  stipulate  that  the  goods  shall  be  suitably  packed  or 
protected.  In  voyages  to  the  East  Indies,  China,  or  the  Australian 
colonies,  premiums  hardly  vary  at  all  on  account  of  the  .season  of  the 
year,  but  on  shipments  to  the  Baltic  or  Black  Sea,  to  North  American 
ports  or  to  the  West  Indies,  the  rates  of  premium  are  very  much 
higher  on  vessels  sailing  in  the  winter. 

Where  the  expenses  of  freight,  insurance  and  import  duties  are 
considerable  in  proportion  to  the  cost  of  the  goods  at  the  place  of 
manufacture,  it  is  obviously  unprofitable  to  obtain  a  small  saving  in 
the  original  price  by  accepting  goods  of  an  inferior  quality.  Thus,  if 
10  per  cent,  be  saved  in  the  cost  of  the  goods  with  a  presumable 
equal  reduction  in  quality,  it  may  be  found,  when  the  freight  and 
5'friRON,Ai^54a.    chargcs  have  been  paid,  that  the  saving  when  calculated  on  the  total 

outlay  is  only  2  per  cent.,  while  the  inferiority  of  quality  still  remains 
10  per  cent. 


Advantageous  to 

buy  high-quality 

goods  only. 
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Import  duties.  (2)  Import  Dutics  are  imposed  on  engineering  material  in  almost 

all  countries  except  Great  Britain,  either  for  the  purpose  of  revenue 

or  for  protecting  home   manufactures,  or  for  both  these  purposes. 

Protective  duties.  Without  discussing  here  the  wisdom  or  fallacy  of  such  duties,  they 

have  often  to  be  considered  in  the  export  of  engineering  material. 
Sometimes  the  dues  are  levied  ad  valorem ;  in  other  cases  they  are 
calculated  at  a  fixed  rate  by  measure  of  weight  or  quantity,  according 
to  the  nature  of  the  material ;  and  the  merchant  or  importer  has  to 
be  guided,  not  by  what  is  best  suited  to  the  purpose  in  view,  but  by 
the  necessity  of  entering  under  a  low  tariff.  Thus,  it  is  possible 
sometimes,  to  obtain  an  advantage  by  substituting  one  kind  of 
material  for  another,  as,  for  instance,  cast  for  wrought  iron,  or  iron 
for  steel.  Where  customs  dues  are  imposed  without  discrimination 
according  to  the  kind  of  material  of  which  the  goods  are  made,  and 
not  graduated  ad  valorem  according  to  the  different  qualities,  it  is  to 
the  interest  of  the  purchaser  to  import  material  of  a  high  quality.     As 
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an  example,  if  the  price  of  good  tool-steel  be  8</.  per  lb.,  and  an  inferior 
quality  be  only  4^/.  per  lb.,  and  if  the  duty  on  both  be  4^.  per  lb.,  it 
is  obviously  economical  to  purchase  the  best.  In  other  cases  the 
goods  imported  may,  by  the  omission  of  certain  workmanship,  be 
brought  within  the  lower  tariffs  which  prevail  for  raw  material.  For  Low  tariffs  for 
instance,  in  a  steel  bridge,  the  bars  or  plates  may  be  sent  without  any 
holes  punched  or  drilled  in  them,  and  so  in  some  countries  be  ad- 
mitted at  a  much  lower  tariff  than  would  be  imposed  on  the  finished 
article.  It  is  true  that  the  addition  of  such  holes,  and  the  after-fitting  Loss  caused  to 
together  of  the  structure,  may  only  be  effected  in  the  importing 
country  at  a  cost  four  times  as  great  as  the  cost  would  have  been  in 
the  manufacturing  country,  and  the  work  be  done  in  a  less  effective 
manner ;  but  though  this  extra  cost  may  be  J[,2  per  ton,  against  this 
perhaps  ;^5  per  ton  may  be  saved  in  duty.  This  loss,  however,  falls 
actually  on  the  importing  country,  and  need  not  be  considered  by  the 
exporter.  Or  to  countries  where  steel  rails  are  admitted  only  under  a  Makers  guided  by 
high  duty,  blooms  (i.e.  ingots  reduced  by  rolling  ready  for  the  rail- 
mill)  may  be  sold  at  a  price  almost  equal  to  that  of  the  finished  rail 
because  the  importer  can  bring  them  in  at  a  lower  rate  of  duty. 
Sometimes  it  is  even  cheaper  to  completely  finish  the  goods  and  then 
to  undo  some  of  what  has  been  done  so  as  to  bring  them  under  a  low 
scale  of  duty.  Thus  weldless  railway  tires  made  cheaply  by  machi- 
nery have  at  times  been  cut  before  shipment,  because  as  "  bent  tire 
bars  "  (which  will  require  welding  and  so  provide  employment  in  the 
importing  country)  they  were  admitted  cheaply.  Where  there  are 
imposts  of  this  sort,  the  engineer  or  manufacturer  should  be  furnished 
with  the  tariffs,  and  with  a  full  explanation  concerning  those  rates 
which  bear  on  the  case  in  question,  so  that  they  may  help  to  deter- 
mine the  choice  of  commodity  to  be  exported.  Even  when  there  are 
treaties  limiting  the  duties  that  may  be  imposed,  the  obligation  is 
sometimes  evaded  in  the  importing  country  by  the  issue  of  new 
regulations  or  conditions  of  contract  that  all  goods  wanted  for 
enterprises  over  which  the  Government  or  Legislature  have  control 
shall  be  made  at  home,  irrespective  of  price. 

(3)   The  Difficulties  and  Cost  of  Transport  Inland, — There  is  some-  Transport  inland, 

times  great  difficulty  in  transporting  heavy  ironwork  or  machinery  Stt  aUo pagtt  ^^ii  o* 
from  the  port  of  arrival  to  its  destination,  and  difficulties  of  this  sort 
should  be  taken  into  consideration  when  the  machinery  is  designed. 
The  question  often  resolves  itself  into  a  choice  of  evils.     It  must  be     choice  of  evils. 

2   G 
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Large  pieces  with  estimated  whether  it  will  be  cheaper  to  carry  at  great  cost,  the  large 

or  heavy  pieces  which  are  best  for  the  ultimate  purpose,  or  to  make 

the  pieces  lighter  by  the  use  of  high  quality  material  (such  as  steel), 

Or  Ught  pieces     or  by  Subdivision,  to  make  them  lighter  because  more  numerous. 

numerous.  °  *.  »  • 

^r^SrEAM-KNciNEs,  ^^^^  latter  course  may  render  necessary  the   export  of  machmes 
A»^«59a«sr'597.     ^hich  have  not  been  completely  finished  and  proved,  and  the  ex- 
pense of  bolting  together  or  riveting  at  the  site,  which  would  be 
avoided  by  sending  larger  pieces. 


Difficulties  at  (4)  The  Difficulties  and  Expenses  of  Erection^  setting  to  work^  or 

treatment  at  the  Site.  In  choosing  machinery  or  engineering  material, 
the  final  cost  when  complete  on  the  site,  and  fitness  for  the  purpose 
in  view,  are  the  two  principal  questions  which  have  to  be  considered, 
and  there  need  be  no  hesitation  in  selecting  for  use  in  the  country 
Choice  guided  by   of  manufacture  what  best  satisfies  these  conditions.     But  in  foreign 

facilities  •         t       •  i*  1  -n  i_ 

in  importing       Countries  the  intending  purchaser  has  to  consider  how  far  he  will  be 

able  to  utilise  his  material  when  he  has  imported  it,  and  whether  he 
has  qualified  engineers  or  workmen  to  erect,  set  to  work,  or  otherwise 
complete  it.  The  articles  in  question  may  be  so  simple  as  to  need 
no  special  skill,  or  may  be  already  in  such  common  use  as  to  have 
afforded  experience,  and  to  have  created  a  class  of  workmen  who 
sufficiently  understand  them.  The  engineer  or  manufacturer,  if  pro- 
perly informed  by  the  purchaser  of  the  circumstances  of  the  case,  can 
often,  by  slight  modifications,  facilitate  the  work  which  will  have  to 
Designs  modified    be  done  abroad,  or  can  advise  the  substitution  of  some  things  simpler 

than  would  be  used  in  the  country  of  manufacture.     In  machinery 
and  apparatus   of  all   kinds,    improvements  are  continually  being 
devised  which  allow  economy  in  maintenance,  or  in  cost  of  work- 
improved         ing:    and   while    many  such    improvements   are    in    the    direction 

machines  may  be       _     .        ,.    .  ,  _  ,  ^  ,   ,• 

too  complicated,  of  Simplicity,  Others,  not  unfrequently,  are  of  a  delicate  or  com- 
plicated nature,  demanding  skilled  supervision.  It  is  then,  of  course, 
a  question  for  the  purchaser  and  for  the  engineer  who  advises 
him,  how  far  it  will  be  prudent  to  establish  such  novelties  in  a 
foreign  country ;  and  whether  a  ruder  or  simpler  kind  will  not  be 

Difficulties  often    better  adapted  to  the   circumstances  of  the  case.      On  the  other 

over-estimated.      ,         ,  ,  •    n  1  .1 

hand,  purchasers,  especially  when  they  are  not  engineers,  are  apt 
to  over-estimate  the  difficulties  of  dealing  with  machinery  or  engi- 
neering material  in  a  foreign  country.  This  tendency  leads  them 
to  attach  too  high  a  value  to  those  articles  which,  being  complete  or 
self-contained  when  they  arrive,  need  little  or  no  skill  for  erection  or 
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setting  to  work.    It  is  owing  to  this,  that  portable  engines  are  used  in         instances. 

many  cases  where  a  fixed  engine  would  be  better  and  more  durable ; 

that  bridges  which  can  easily  be  bolted  together  are  chosen  in  pre-       see  bridges, 

ference  to  those  that  may  with  more  advantage  and  safety  be  riveted ;     ^*'^"  ***'     ''  * 

or  that  wrought-iron  tanks  (occupying  much  space  for  freight)  which 

are  ready  for  use  when  they  arrive  are  preferred  to  the  stronger  and 

more  permanent  tank  composed  of  cast-iron  plates  that  are  more  ^v«  Tanks  a^^  639- 

easily  carried,  but  which  have  to  be  bolted  together  and  caulked  at 

the  site. 

The  question  of  maintenance  or  economy  in  working  has  also  to       Economy  in 
be  considered.     Thus,  a  structure  or  the  framework  of  a  machine 
may  be  better  made  of  steel  than  wood,  but  because  skilled  workers 
in  steel,  who  can  do  repairs,  are  difficult   to   obtain,  the   question 
arises  whether  wood  may  not,  under  the  circumstances,  be  preferable 
to  steel.     Again,  there  may  be  used  in  British  workshops  a  special    special  machines 
and  expensive  machine,  adapted  for  one  particular  kind  of  service,         expensive, 
which  it  performs  quickly  and  cheaply.     But  in  a  foreign  factory  the 
amount  of  this  particular  work  may  be  insufficient  to  afford  constant 
employment  to  the  special  machine,  and  it  may  be  more  economical 
to  import  a   tool   which  can   be   used  for  various   purposes,  even   ^i'*  Machine  Tools. 
though,  for  the  particular  duty  in  question,  it  may  be  less  effective. 
Or  a  steam-engine  may  be  required  in  a  country  where  fuel  is  very 
expensive,  and  where,  by  the  use  of  a  certain  kind  of  engine  and 
boiler,  economy  of  fuel  may  be  obtained.     It  may  be  expedient  to        see  boilbrs. 
purchase  these,  even  if  they  cost  more  and  are   less  durable  than  P^sem- 

those  of  a  simpler  kind.     It  is  obvious  that  very  careful  considera-  Effective 

-,,.„  ,,•  1  rr.         machines  costly 

tion   of  the  different  circumstances   is  needed  m  such  cases.     To  to  repair. 

meet  exigencies  of  this  kind  in  a  foreign  country,  duplicate  machines  Duplicate  parts 

or  duplicate  parts  may  be  purchased;  and  it  maybe  expedient  to  sr^M^esg^, 

incur  expense  which  may  be  regarded  as  a  premium  of  insurance 

against   loss,   a   premium   which   would   be   altogether   extravagant 

and  uncalled  for  in  Great  Britain.     The  number  of  such  duplicates,  involving  capital 

.  outlay. 

their  cost,  and  the  interest  on  capital  which  the  keeping  them  in 
reserve  involves,  must  be  weighed  against  the  length  of  time  and 
consequent  delay  which  would  be  required  to  import  a  fresh  supply. 
Time  may  be  saved  by  the  provision  in  advance  of  a  telegraph  code 
referring  to  such  parts. 

The  stoppage  of  machinery,  or  the  failure  of  material  in  the  im- 
porting country,  is  a  more  serious  matter  than  it  would  be  in  the 
manufacturing   country,    where   repairs   or   renewals   can   be   easily 
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V^hcre  repairs 

are  difficult, 

inferior  articles 

should  be  avoided. 


effected ;  and  this  often  applies  to  the  smallest  detail.  For  this 
reason  it  is  bad  policy  to  import  inferior  articles,  even  though  they 
be  as  good  as  would  be  used  for  the  purpose  at  places  within  easy 
reach  of  repairs  or  replacement.  Thus,  in  the  case  of  wood-working 
machinery  or  the  engine  of  a  sugar-mill,  the  consequences  of  an  acci- 
dent might,  if  it  occurred  in  the  manufacturing  country,  be  so  easily 
repaired  as  to  render  undesirable  any  previous  expenditure  of  capital 
to  provide  duplicate  parts.  But  in  the  importing  country  such  extra 
expenditure  might  be  more  than  justified,  as  a  safeguard  against  what 
would  in  effect  be  a  serious  disaster.  This,  added  to  the  reasons 
already  adduced  against  the  false  economy  of  exporting  second-rate 
goods  for  engineering  purposes,  shows  that  the  example  of  what 
obtains  in  a  manufacturing  country  is  not  necessarily  to  be  followed 
abroad. 


Exigencies  of 

climate,  locality, 

and  space. 


Building 
materials. 

See  Factories, 
page  ^^x. 


See  Roofs,  ^age  860. 

See  Bridgbs, 
page  174. 


(5)  77i€  Exigencies  of  Climate,  Locality,  or  Space. — In  the  estab- 
lishment of  a  factory,  the  erection  of  machinery,  and  indeed  in 
almost  every  kind  of  engineering  work,  there  are  certain  local  cir- 
cumstances which  must  be  studied  and  satisfied  if  economy  and 
fitness  are  to  be  obtained.  If  buildings  are  required,  not  only 
their  purpose  and  a  plan  of  the  site,  but  also  the  levels,  the  nature  of 
the  soil  for  foundations,  and  the  climate  with  its  effects  on  material, 
as  well  as  the  exigencies  of  heating,  cooling,  ventilating,  and  lighting, 
are  all  incidents  that  affect  the  choice  of  design  or  the  mode  of 
arrangement ;  and  where  engineering  material  or  structures  have  to  be 
designed  or  manufactured  in  one  country,  in  order  to  be  erected  or 
completed  in  another,  it  is  obvious  that  full  information  should  be 
transmitted  to  all  concerned  in  the  design  or  preliminary  stages  of 
the  work.  With  such  information  as  a  guide,  the  necessity  or  expe- 
diency of  altering  the  usual  methods  may  be  apparent,  while,  if 
such  information  be  withheld,  and  only  a  bare  enumeration  of 
wants  be  supplied,  the  risks  of  unfitness  or  extravagance  are  greatly 
increased. 


Methods  of 
payment. 

Contractor- 
capitalists. 

See  Chaps.  J  I.,  HI. 


(6)  Payments  for  works,  goods,  or  services,  become  due  when  the 
obligations  are  fulfilled,  unless  there  be  some  stipulation  to  the  con- 
trary. Deferred  payments,  and  the  speculative  combinations  of  con- 
tractor and  capitali-st  which  often  arise  out  of  engineering  projects 
and  public  works,  have  been  already  considered,  and  it  is  not 
necessary  to  allude  here  to  the  ordinary  methods  of  payment  usual 
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among  merchants.  But  in  the  carrying  out  of  works  abroad,  or  the 
manufacture  of  engineering  material  for  export  to  a  foreign  country, 
special  circumstances  have  often  to  be  considered.  In  some 
countries,  payment  of  a  portion  of  the  purchase  money  in  advance 
is  usual,  and,  as  "  hand-money,"  is,  by  custom  or  law,  essential  to 
the  closing  of  a  bargain.  In  countries  like  Great  Britain,  where 
rules  of  credit  properly  guarded  and  limited  are  established,  pay- 
ments in  advance  are  seldom  required,  except  from  foreigners  or 
others  who  are  not  domiciled.  Although,  where  the  purchaser  has 
confidence  in  the  seller,  this  plan  is  simple,  the  alternative  can 
be  adopted  of  depositing  the  money  with  some  banker  or  agent, 
who  need  only  pay  in  the  ordinary  way  as  the  contract  becomes 
completed. 

The  nature  and  extent  of  an  undertaking  often  renders  part  pay- 
ments necessary  as  the  work  proceeds,  and  should  be  provided  for 
in  the  conditions  of  contract.     For  instance  in  the  carrying  out  of  a 
contract  for  a  railway  or  other  large  undertaking,  payments  during 
construction  have  to  be  made ;  or  in  the  manufacture  of  a  large  bridge 
of  many  spans,  as  each  is  delivered  to  the  ship,  site,  or  other  place 
agreed  upon,  a  proportionate  sum  on  account  has  generally  to  be 
paid.     If  the  works  contracted  for  allow  of  very  exact  subdivision, 
each  portion  being  complete  and  independent  of  the  other,  the  pay- 
ments during  the  progress  may  be  the  full  equivalent  of  what  has 
been  performed.     Thus,  if  12  steam  engines,  or  12  bridges,  or  12 
miles  of  railway  are  contracted  for,  a  purchaser  may  be  willing  to 
pay  a  twelfth  part  as  each  is  complete  and  in  his  possession.     But  in 
the  case  of  a  bridge  of  numerous  spans,  or  of  some  railways,  or  of  a 
dock,  the  different  parts  may  be  so  dependent  on  each  other,  that 
payments  on  account  to  the  full  extent  of  the  part  apparently  com- 
pleted may  be  inexpedient.     It  is  usual,  therefore,  after  calculating 
the  money  value  of  the  completed  work  and  the  proportion  it  bears 
to  the  whole  contract,  to  withhold  some  of  it — a  specified  percentage, 
e.g.  five  or  ten  per  cent.,  as  may  be  agreed — till  the  contract  is  abso- 
lutely completed.     The  percentage  to  be  retained  is  determined  by 
various  considerations,  such  as  the  nature  of  the  work  and  the  lessened 
or  suspended  value  of  the  earlier  parts  if  the  remainder  were  not  com- 
pleted or  were  much  delayed,  being  the  principal. 

Payments  thus  withheld  are,  in  effect,  caution-money  (which  will 
be  forfeited  if  the  contract  be  unfulfilled),  the  accumulation  of  which 
is,  in  large  contracts,  limited  to  a  prescribed  total ;  and  when  the 


Hand-money. 
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As  portions  are 
completed. 


Instances. 


Retention'  money. 
See  Paget  4  6*  37. 


Caution-money. 
Seepage  38. 
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construction. 
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ships. 


percentages  withheld  reach  this  maximum,  the  after  payments  are 
made  in  full. 

Where  a  contract  is  made  in  one  country  for  the  carrying  out  of 
works  in  another,  whither  material  and  equipment  have  to  be  ex- 
ported, it  is  often  stipulated,  where  the  undertaking  is  a  large 
one,  or  likely  to  be  protracted,  that  a  portion  of  the  purchase-money 
shall  be  paid  on  each  shipment,  although,  till  they  have  arrived  and 
been  applied  at  the  site  to  the  purpose  in  view,  the  material  so  paid 
for  may  be  of  no  value  to  the  purchaser.  The  arrangement  before- 
hand of  the  proportions  payable  is  a  mattter  of  great  importance  to 
the  contractor  ;  and,  to  avoid  disputes,  elaborate  schedules  are  often 
appended  to  an  agreement,  declaring  what  proportions  shall  be  pay- 
able at  the  various  stages  of  shipment,  delivery,  completion  and  at  the 
end  of  a  term  of  maintenance.  And  the  same  arrangement  is  often 
made  in  the  case  of  works  undertaken  by  local  contractors  in  colonies 
or  countries  where  the  material  has  to  be  imported ;  and  while  the 
obligation  and  responsibility  of  obtaining  the  material  remains  with 
the  contractor,  the  employer  provides  money  in  the  manufacturing 
country  to  make  the  necessary  part  payments,  taking  care,  by  suit- 
able agents,  to  ensure  that  the  material  so  paid  for  is  of  the  agreed 
kind  and  quality.  Where  part  payments  are  made  on  shipment,  the 
payer  usually  requires  possession  of  the  goods;  and  though  they 
may  have  to,  be  temporarily  re-entrusted  to  the  contractor  at  the 
port  of  arrival  and  until  completion,  the  legal  possession  remains 
with  the  purchaser. 

There  are  certain  kinds  of  contracts  where  part  delivery  to  the 
purchaser  is  almost  impossible,  and  payments  during  progress  can- 
not be  met  by  giving  possession  of  an  equivalent  part.  A  steamship 
or  a  large  pumping-engine,  where  the  total  outlay  of  the  builder  may 
be  greater  than  he  can  afford  without  part  payment,  are  examples. 
There  are  certain  stages  in  the  progress  of  such  works  which  indicate 
broadly  the  proportion  accomplished,  and  it  is  usual  to  pay  a  portion 
of  the  purchase-money  at  such  periods.  For  instance,  in  the  case  of 
a  steamship,  it  might  be  agreed  to  pay  one-fourth  when  the  hull- 
frames  are  set  up,  the  cylinders  cast,  and  the  boiler-plates  drilled ; 
one-fourth  when  the  ship  is  plated,  the  cylinders  bored,  and  the 
boilers  finished  ;  one-fourth  when  the  vessel  is  launched  and  the 
engines  completed  and  ready  for  placing  on  board ;  and  the  final 
fourth  part  of  the  payment  when  the  steamship  has  had  a  successful 
trial  trip.     In  contracts  of  this  sort,  purchasers  are  naturally  anxious 
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to  have  a  lien  on  the  property  for  which  they  have  partly  paid,  but        Purchaacrs 
of  which  they  cannot  yet  get  possession ;  for  in  case  the  factory     ^***!SSri^.  ^^ 
changed  hands,  or  a  mortgagee  took  possession,  or  the  shipbuilder 
became  bankrupt,  disputes  might  arise  regarding  the  ownership  of  the 
property.     If  the  purchaser  happens  to  be  the  owner  of  the  building  ownership  of  aite 
or  soil  on  which  the  ship  is  being  built,  his  right  to  the  works  in  pro-   °'  *8ec5fity.** 
gress  would  be  clear;  and  as  such  ownership  of  the  premises  is 
sometimes  considered  the  simplest  or  only  effective  security,  a  legal 
conveyance  is  effected  and  retained  till  the  ship  is  delivered  to  the 
purchaser.      The   same  result  is  sometimes   sought  by  the   mere 
deposit  of  title-deeds  or  lease,  with  a  declaration  as  to  the  property.    Deposit  of  deeds 
But  all  such  methods  are  inconvenient,  and  the  seller  may  be  un- 
willing, or  even  unable,  to  agree  to  them.    It  is  often,  therefore,  con-     Name  of  owner 
sidered  sufficient  to  affix  some  notice  or  placard  to  the  structure  in 
question,  so  as  to  declare  plainly  the  ownership.     And  the  minor 
parts  may  be  similarly  identified  by  casting,  branding,  or  marking 
each  with   the  name  or  sign   of  the  purchaser.      Such  marking,  if 
accompanied  by  bondrfide  evidence  of  purchase,  and  part  payment, 
is  considered    sufficient   to   protect   the   property,   at  any  rate   to 
the   extent   of  such   payments,   against   the  adverse  claims   above 
referred  to. 

(7)  The  Rate  of  foreign  exchange  does  much  to  determine  money        The  rate  of 

.  A       ^  "Ik  *     f         •  .1  r    11     .u        f<>'**«"  exchange. 

values  and  prices  m  the  export  of  engmeermg  material,  as  of  all  other 
commodities ;  but  to  the  engineering  trades  the  question  is  important 
in  other  ways  than  those  in  which  it  affects  the  ordinary  merchant. 
Engineers,  contractors,  and  the  traders  allied  with  them  are,  perhaps,  often  important 
more  than  any  other  classes,  interested  in  foreign  undertakings ;  and  °  conSflStSa*" 
the  payments  for  Public  works,  the  guaranteed  interest  on  invest- 
ments, the  tariffs  for  Railway,  Tramway,  Water,  or  Gas  service,  and 
salaries  to  engineers,  are  frequently  made  in  the  currency  of  the 
country  concerned.  Moveover,  as  engagements  for  matters  of  these 
kinds  are  often  made  for  much  longer  periods  than  contracts  for  the 
purchase  of  merchandise,  the  risk  and  the  effect  of  extreme  fluctua- 
tions are  proportionately  extended. 

Only  a  brief  reference  to  so  wide  and  important  a  subject  as   Rate  of  exchange, 

r       '  \_  '      \  -1  1     t_  rrii  how  determined. 

foreign  exchanges  is,  however,  necessary  or  possible  here.  The  rate 
of  exchange  between  any  two  countries  is  primarily  determined  by 
their  relative  indebtedness,  so  that  persons  who  want  to  remit  money 
to  a  foreign  country,  and  who  have  to  buy  in  the  shape  of  a  bill-of- 
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exchange  money  belonging  to,  or  a  debt  owing  by,  some  one  in  that 
country,  will  have  to  pay  a  price  which  varies  according  as  the  de- 
mand for  such  bills  is  greater  or  less  than  the  supply.  But  in  the 
case  of  countries  having  a  similar  system  of  currency — as,  for  instance, 
Great  Britain  and  most  of  her  colonies,  or  Great  Britain  and  Ger- 
many, which  alike  have  a  gold  standard — and  where  a  par  bullion 
value  is  established,  a  premium  in  either  direction  has  only  a  mode- 
rate range,  for  it  is  limited  by  the  cost  of  the  alternative  plan  open  to 
remitters  of  despatching  bullion ;  the  freight,  insurance,  and  interest 
during  transit  of  the  bullion  being  taken  into  account.  But  when 
there  is  a  different  monetary  basis,  much  greater  fluctuations  become 
possible,  as  is  seen  in  the  dealings  between  a  country  having  a  gold 
with  one  having  a  silver  standard. 

To  the  ordinary  fluctuations  just  alluded  to,  arising  from  an  excess 
of  the  flow  of  remittances  in  one  or  other  direction,  is  added  the 
alteration,  whose  range  cannot  be  defined,  of  the  relative  values.  An 
example  of  this  is  seen  in  the  commerce  between  England  and  India, 
where  a  silver  currency  standard  is  firmly  established.  Although  the 
relative  value  of  the  two  metals  has  constantly  varied,  the  tendency 
has,  in  the  course  of  years,  been  towards  a  lowering  of  the  value  of 
silver;  and  the  rapid  fall  since  1871  has  caused  not  only  inconve- 
nience but  loss  to  many  concerned ;  for  where  goods  have  to  be 
exchanged  for  something  which  fluctuates  in  value,  and  which  therefore 
can  hardly  be  called  money,  the  commerce  takes  the  form  of  barter 
rather  than  sale,  and  upsets  all  antecedent  calculations.  There  is  a 
liability  to  still  greater  fluctuations  in  the  rate  of  exchange  where  an 
irredeemable  paper  currency  is  established ;  for  although  a  strictly 
limited  issue  may  maintain  a  certain  level  because  of  its  purchasing 
power  in  the  country  itself,  there  is  no  limit  to  the  depreciation  which 
may  result  from  an  extended  issue.  The  assignats  of  the  French 
Revolution,  and  the  greenback  issue  in  the  United  States  during 
the  civil  war,  are  cases  in  point.  The  question  is  still  further  com- 
plicated between  countries  which,  like  Austria,  have  both  silver  and 
paper  currency,  and  countries  like  England,  with  a  fixed  gold  stan- 
dard. A  reduction  in  the  international  value  of  a  silver  or  paper 
currency,  as  seen  in  the  rates  of  exchange,  is  sometimes  a  great 
advantage  to  many  concerned,  especially  in  large  countries  where 
such  a  currency  has  a  wide  circulation.  For  instance,  in  India  or  in 
Russia,  if  the  value  of  the  silver  rupee  or  paper  rouble  fall,  the 
peasants  and  others  whose  rent  and   taxes  are  fixed  in  the  local 
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currency  pay  for  a  time  a  sum  no  greater  than  before,  while  if  they 
have  produce  to  sell  for  export,  they  find  that  the  price  (which  is 
determined  by  outside  or  international  causes)  gives  them  more  than 
the  usual  number  of  rupees  or  roubles.  But  even  this  gain  is  gene- 
rally only  temporary  or  apparent,  for  international  commerce  is  too 
extended  not  to  bring  values  to  their  proper  level  in  time,  and  the 
prices  of  commodities  consumed  rise.     On  the  other  hand,  those  Lo"e»  caused  by 

^  •      T    J  •       'Ailing  exchange. 

whose  incomes  are  fixed  in  the  inferior  money,  but  who,  as  m  India, 
have  to  purchase  imported  commodities,  or  who  wish  to  remit  to  a 
country  having  a  currency  based  upon  gold,  suifer  to  the  utmost 
from  the  depreciation. 

If,  in  a  foreign  Gas-works,  the  agreed  price  or  tariff  for  gas  is    J^^?^  pJ*^  *" 
paid  in  the  local  money,  while  coal  has  to  be  imported  at  its  current 
value,  and  paid  for  in  gold  or  its  equivalent,  it  is  evident  that  a  great 
loss  results  from  a  depreciation  of  the  currency.     Or  a  Railway,  or 
Tramway,  or  Bridge,  made  with  British  capital  and  on  which  interest  Borrowed  money 
or  dividends  have  to  be  paid  in  sterling,  may  have  tariffs  and  tolls   ^^^aterUngT' 
fixed  by  law,  which  cannot  be   raised  as  the  value  of  the  local 
currency  falls.     The  drainage  works  in  Rio  de  Janeiro,  some  of  the 
tramways  in  Argentina,  and  the  waterworks  in  Odessa  are  examples 
of  undertakings  whose  net  revenues  have  fallen  in  gold  value  to  the 
loss  of  the  investors.     Engineers,  contractors,  and  others  concerned 
in  public  works,  are  often  of  necessity  obliged  to  accept  payment 
in  local  currency ;  and  even  where  British  sterling   has  been  the 
original  measure  of  value,  some  fixed   rate  of  exchange  is  often 
adopted  as  the  basis  of  computation.     It  is,  however,  always  expe- 
dient to  provide  for  possible  fluctuations  by  stipulating,  either  in      Fluctuations 
general  terms  that  the  local  payment  shall  be  the  equivalent  of  a     provided  for. 
specified  sum  in  sterling,  or  with  greater  precision,  that  the  payment 
shall  follow  the  rates  of  exchange  or  be  subjected  to  revision  if  the 
difference  pass  a  certain  moderate  limit.     There  are  various  indirect  indirect  causes  of 

chanflre 

causes  which  influence  the  rates  of  exchange  between  two  countries, 
such  as  the  scantiness  of  trade,  which  may  limit  the  opportunities  for 
remitting ;  the  commerce  of  other  countries  with  which  each  of  the 
two  may  have  relations  ;  the  uncertain  credit  of  individuals  or  banks ; 
but  on  these  it  is  unnecessary  here  to  touch. 

British  sterling  is  the  best  basis  for  international  transactions.    British  sterling. 
London  has  become,  not  only  because  of  her  vast  commerce,  but  for 
various  other  reasons,  the  clearing-house  of  the  world  ;  and  even  to 
the  foreigner,  such  a  basis  of  computation  is,  because  of  its  certainty. 
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often  convenient  and  desirable.     But  the  ordinary  quotations  for  rates 

of  exchange  are  seldom  for  bills  payable  at  sight,  the  customary 

Usance  differs,    usance,  which  Varies  with  different  countries,  being  generally  for  bills 

of  from  one  to  three  months  after  sight  by  the  acceptor ;  and  this 
must  be  borne  in  mind  when  a  bill  on  a  foreign  country  is  purchased 
for  ready  money.  It  is  necessary,  therefore,  in  stipulating  for  pay- 
ments in  a  foreign  country,  "  at  the  current  rate  of  exchange,"  to 
remember  that  the  ultimate  payment  will  only  be  made  after  an 
interval,  during  which  interest  must  be  reckoned.  But  a  special  rate 
Banker's  for  a  sight-biU  will  generally  be  quoted  by  a  banker  if  required,  and 
measurv  of%SuV  the  current  rate  of  exchange  for  a  banker's  bill  at  sight  on  London, 

payable  in  sterling,  may  be  safely  adopted  in  any  country  as  the 
measure  of  value  for  international  transactions. 


Insufficient 

weight  given  to 

them. 


It  will  be  seen  from  the  foregoing  pages  that  the  secondary  or 
subsidiary  incidents  enumerated  on  page  444  deserve  much  weight  in 
the  choice  of  engineering  material,  and  that  what  may  be  the  best  of 
its  kind  for  use  in  a  manufacturing  country  is  not  necessarily  so 
abroad.  It  too  often  happens  that  a  purchaser  who  has  seen  or  read 
of  some  new  machine  or  material  which  has  proved  successful,  desires 
to  have  the  same  thing  sent  to  him  abroad,  without  appreciating  at 
their  proper  value  the  difference  in  circumstance  which  these  inci- 
dents may  cause.  Engineers  also,  or  manufacturers,  who  may  be  fully 
competent  in  the  exercise  of  their  profession,  do  not  always  give  full 
weight  to  the  contingencies  of  locality  and  circumstance  which  have 
been  described.  But  although  these  contingencies,  if  known,  may  be 
provided  for,  unfortunately  in  a  great  number  of  cases  they  are  not 
known  to  those  immediately  concerned,  namely,  those  who  have 
to  design,  manufacture,  or  supply  the  commodities  required.  The 
importance  of  sending  full  information  from  abroad,  and  the  infre- 
quency  with  which  this  importance  is  appreciated,  have  already  been 
referred  to. 

To  those  in  foreign  countries  who  are  surrounded  by  the  same 
^ot^appreJiated"  Continually  recurring  circumstances  or  conditions,  and  to  whom  the 

facts  of  locality  or  purpose  are  perfectly  familiar,  it  doubtless  requires 
a  special  effort  of  mind  to  realise  on  what  apparently  simple  and 
rudimentary  points  it  is  necessary  to  inform  the  engineer  or  manu- 
facturer at  a  distance,  to  whom  is  intrusted  the  fulfilment  of  their 
wishes.  It  must  be  remembered  that  in  a  manufacturing  country 
where  demands  centre  from  all  parts  of  the  world,  ever-varying  con- 


Stepage  415. 


Importance  of 
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ditions  have  to  be  satisfied,  and  to  meet  these  differences  there  is  a  choice  and  design 

corresponding  variety  of  methods.    The  choice  among  these  methods 

depends  upon  local  facts,  for  his  knowledge  of  which  the  engineer  is 

generally  dependent  on  what  is  supplied  to  him  by  those  on  the  spot. 

Sometimes  important  dimensions  are  omitted  :   in  other  cases  the 

purpose  which  is  to  be  satisfied,  or  the  service  to  be  performed,  is  not 

sufficiently  described ;  or  the  method  of  payment,  or  the  conditions  of 

site  or  climate  are  omitted  altogether.    Delay  is  thus  caused  while  the       Delay  and 

missing  facts  are  being  ascertained ;  and  if,  to  avoid  delay,  a  some-  •*p*""  ""■•  • 

what  haphazard  decision  is  come  to,  then,  in  the  desire  to  be  safe  as 

regards  strength  or  fitness,  an  unnecessarily  great  expense  is  generally 

incurred.     As  for  example,  a  bridge  of  several  spans  is  required,  and       insuncea.; 

the  bed  of  the  river  is  either  not  described  at  all,  or  merely  alluded 

to  as  mud  or  sand.      Nothing  is  said  further  as  to  the  density  of  the 

bed  or  its  suitability  for  foundations ;    and  the  engineer,  assuming 

that  the  mud  is  soft,  designs  his  piers  accordingly.     The  foundations 

may  prove  to  be  firm,  and  it  is  discovered  when  the  bridge  is  fixed.      See  bridgks, 

that  much   less  expensive  piers  would  have  been  sufficient.      Ten 

pounds  have  perhaps  been  saved  by  omitting  to  examine  the  river  bed, 

and  five  hundred  pounds  wasted  in  unnecessary  screw-piles.     Again, 

a  powerful  engine  is  required,  and  although  the  horse-power  is  speci-  see  Stbam-kngikbs 

fied,  no  particulars  are  sent  as  to  the  space  into  which  it  must  fit,  the  *  ^^'' 

service  for  which  it  is  required,  or  the  provision  which  is  to  be  made 

for  connecting  it  to  existing  machinery.     As  regards  the  boiler,  no      seepage  576. 

information  may  have  been  given  as  to  the  maximum  size  and  weight 

of  the  pieces  which  can  be  transported  to  the  site,  or  as  to  the  fuel  it  is       Transport. 

to  consume.    Or,  to  take  another  case,  iron  pipes  are  required,  and  no  See  ^\vn&,page  6sx. 

information  is  afforded  as  to  the  purpose  for  which  they  are  intended, 

the  pressure  to  which  they  will  be  subject,  and  the  sort  of  place  in 

which  they  are  to  be   fixed.     Perhaps  there  is  no  grievance  upon 

which  British  engineers  and  the  manufacturers  allied  to  them  would 

so  unanimously  agree  as  in  regard  to  this  insufficiency  of  information 

furnished  from  abroad. 
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CHAPTER  XVIII. 

THE  ESTABLISHMENT  OF   FACTORIES. 

The  conditions  which  favour 
the  establishment  of  manu- 
factories might,  if  they  ad- 
mitted of  a  rigidclassification, 
be  divided  into  those  which 
are  primarily  necessary  to  the 
purpose   in   view,  and   into 
those   secondary  conditions 
which,  though  they  may  determine  the  cost  of  production  and  the 
amount   of  profit,  are   not    absolutely  essential.      Among  the  first 
Materials  of  Manufoiture,  Labour,  Fuel,  Waltr,  might  take  a  place; 
and  among  the  second— C/«'wa/e,  Locality,  Site,  Transport,  Contiguity 
to  the  Consumer  and  to  Subsidiary  trades.     Outside  these  again,  are 
the  sufficiency  of  capital,  the  restraints  of  law  and  custom,  and  the 
artificial  support  of  subsidies,  bounties,  or  protective  duties.     While 
most  of  the  above  points  have  a  permanent  relation  to  the  country 
and  locality  under  consideration,  some  of  them  are  liable  to  possible 
changes  in  the  future  which  should  be  held  in  view.     In  comparing 
>  the  respective  advantages  of  different  countries  in  regard  to  some 
branch  of  manufacture  which  is  carried  on  in  both,  it  is  necessary  to 
consider  separately  these  various  circumstances  if  any  useful  conclu- 
sions are  to  be  arrived  at ;  and  especially  is  this  necessary  where  the 
peoples  who  are  concerned  have  much  in  common.      In  regard  to 
the  iron  and   engineering  trades,  an  example  in  point  would  be 
afforded  by  a  comparison  between  Great  Britain,  and  either  France, 
Germany,  Belgium  or  the  United  States.     Between  nations  such  as 
these,  of  the  first  rank  in  manufactures,  though  one  or  other  may  be 
slow  to  adopt  improved  methods,  the  natural  process  of  competition 
leads  in   time  to  all  the  advantages  of  science  and  the 
arising'  oul  of  them  becoming  common  property. 
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For  a  home  trade  local  manufacturers  may,  if  the  country  permits  Home  trade  may 
it,  always  have  an  advantage,  for  by  protective  duties  such  a  trade 
may  be  retained  at  whatever  cost.  Local  competition  will,  how- 
ever, generally  arise  in  trades  thus  protected,  and  an  export  trade 
is  greatly  hindered  by  the  enhancement  which  protection  causes 
in  the  cost  of  labour,  purchased  material  and  rates  of  freight  for 
export.  Thus,  the  competition  of  the  United  States  with  Europe  in 
supplying  steel  and  engineering  goods  in  the  neutral  markets  of  the 
world  has  been  hindered  and  postponed ;  therefore  in  regard  to  an 
outside  or  foreign  trade,  any  disadvantages  which  are  peculiar  to  But  foreign  trade 
the  manufacturing  country  will  show  themselves  in  the  long  run.  °''*" 
The  conditions  just  alluded  to  so  combine  or  merge  into  each  other 
that  an  exact  classification  is  impossible,  and  in  the  following 
remarks  it  is  only  attempted  to  draw  attention  to  some  of  the  more 
important  points  which  should  be  considered  by  those  who  con- 
template such  undertakings.  Where  factories  of  whatever  kind 
are  already  established  in  a  locality,  the  conditions  of  profitable 
working  are  sufficiently  known  or  may  be  ascertained  by  those 
acquainted  with  the  trades  in  question ;  and  when  failure  occurs  it  Causes  of  failure, 
generally  arises  from  an  attempt  to  compete  in  goods  where  the 
supply  is  already  equal  to  the  demand  ;  from  insufficiency  of  capital 
or  an  expenditure  of  capital  excessive  for  the  purpose  in  view ; 
from  a  non-appreciation  of  the  examples  available  for  imitation ; 
or  from  bad  management.  Where  a  new  industry  is  to  be 
introduced  into  a  country  or  district  for  the  first  time,  the  risks  Rigij,  ^f  ^^^ 
are  enhanced  by  the  want  of  precedent.  undertakings. 

In  newly-settled  countries  with  suitable  natural  resources,  there    Manufacturers  in 
are,  generally,  enterprising  men  who  desire  to  establish  factories  for     ^^^  countries, 
the  manufacture  of  goods  which  may  have  been  hitherto  imported ; 
and  there  is  a  natural  desire  on  the  part  of  the  community  to  en- 
courage such  a  national   trade.     There  are  some  manufactures  which  Necessary  trades, 
should  obviously  be  taken  in  hand  ;  for  instance,  no  people  would — 
if  they  could  help  it — remain  absolutely  dependent  on  a  foreign  sup- 
ply of  munitions  of  war ;    therefore  arsenals,  dockyards  and  factories, 
whose  primary  purpose  may  be  for  the  production  of  warlike  stores 
or  effecting  repairs,  gradually  find   profitable  employment  in  new 
work  also.     It  may  be  assumed  that  in  every  inhabited  country  there 
are  natural  advantages  which  have  caused  it  to  be  populated ;    fertile  Natural 

advantaf  es. 

lands  or  abundant  minerals  being  those  on  which  the  early  pros- 
perity depends.     In  such  countries  a  busy  people  can  produce  much 
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best. 


Subdivision 
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Premature 
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Instances. 


See  aho  page  469. 


more  than  they  can  consume,  and  an  export  trade  which  brings  back 
from  older  countries  manufactured  commodities  of  all  kinds  for  the 
necessities,  comfort,  or  luxury  of  the  people,  is  naturally  developed, 
which,  to  the  thrifty  and  successful,  allows  an  accumulation  of  capital 
which  is  the  basis  of  all  manufactures.  Assuming  that  a  demand  for 
certain  commodities  exists  or  may  be  reasonably  expected,  the  trades 
most  likely  to  succeed  in  a  new  country  in  competition  with  imported 
manufactures  are  those  which  are  simple  and  self-contained,  and  are 
least  dependent  on  subsidiary  trades.  The  natural  tendency  in 
manufacturing  operations  is  towards  a  subdivision  of  processes  by 
which  workmen,  continually  engaged  on  repetition-work,  and  assisted 
by  special  tools,  can  produce  their  goods  well  and  cheaply.  This 
tendency  finds  its  greatest  development  in  an  old  country,  and  any 
attempts  to  rival  such  well-organised  and  minutely-divided  industries 
will,  under  less  favourable  circumstances,  have  small  chance  of 
success.  For  instance,  in  a  colony  or  newly-settled  country,  where 
coal  and  iron,  hitherto  unworked,  are  found  in  close  contiguity,  it 
would  appear  as  though  finished  iron  or  steel  might  be  produced 
more  cheaply  than  it  could  be  imported ;  there  is,  therefore,  a 
natural  desire  to  encourage  such  local  manufacture.  These  local 
materials  will  have  their  value  in  the  future,  though  government 
interference  with  their  development,  except  by  the  granting  of 
facilities  or  the  removal  of  obstacles,  may  involve  considerable  risk  to 
the  true  interests  of  the  community.  Thus,  if  preference  were  shown 
to  a  local  industry  in  order  to  induce  the  establishment  of  factories 
when  the  economical  conditions  were  against  them,  the  country 
would  find  itself  saddled  with  an  unprofitable  undertaking;  and 
bounties,  subsidies,  or  protective  duties,  when  the  real  conditions  were 
revealed,  would  be  demanded  or  perpetuated  with  all  their  attendant 
evils.  In  the  older  country  the  processes  would  probably  have 
been  so  cheapened  by  subdivision,  by  special  appliances  and  by  the 
magnitude  of  the  operations,  that  the  cost  of  production,  even  in- 
cluding the  expenses  of  transport  to  a  distance,  would,  most  Hkely, 
have  been  brought  much  lower  than  the  new  country  could  for  a  long 
time  hope  to  rival.  To  make  steel,  steam-engines,  or  cutlery  in  a  newly 
settled  country  would  generally  be  unprofitable,  even  though  raw  ma- 
terial of  every  kind  were  abundant.  Rather,  therefore,  should  the  tools 
and  appliances  which,  by  years  of  accumulated  experience,  have  been 
brought  to  perfection  and  cheapness  in  the  old  country,  be  utilised  for 
those  trades  and  processes  which  are  primary  and  simple  in  the  new. 
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Native  industry  is  sometimes  encouraged  by  bounties  on  produc- 
tion instead  of  by  taxes  on  imports.  This  is  really  a  cheaper  and 
more  logical  application  of  the  protective  principle ;  for  such  bounties, 
being  paid  directly  out  of  national  funds,  instead  of,  as  in  customs 
revenue,  by  indirect  taxes  not  so  palpable  to  the  consumer,  the 
amount  expended  may  be  exactly  calculated,  and  the  indirect  losses 
incident  to  such  taxes  are  not  incurred  by  the  community. 

There  are  other  ways  than  those  just  described  by  which  the 
natural  course  of  trade  is  hindered.  The  protective  system, 
erroneous  as  it  may  be,  is,  at  any  rate,  intended  to  encourage 
national  manufactures;  but  in  some  countries  new  enterprises  are 
actually  and  sometimes  even  directly  discouraged  by  the  laws  and 
customs  which  prevail ;  and  especially  so  when  such  enterprises  are 
introduced  by  foreigners.  Very  often,  opposition  to  all  undertakings 
introduced  by  foreigners,  or  which  tend  to  alter  existing  methods, 
arises  from  jealousy  on  the  part  of  the  ruling  class,  and  none  the 
less  because  it  may  be  unavowed.  In  some  cases  peculiar  laws  or 
customs  concerning  the  tenure  of  land,  hinder  the  exploration  for 
minerals  or  prevent  their  economical  treatment.  In  other  cases, 
taxes  specially  directed  at  the  new  enterprise  may  be  imposed 
without  warning;  or,  where  permission  to  utilise  the  products  of 
the  country  depends  upon  the  will  of  some  sovereign  ruler,  a 
sudden  or  new  decree  may  have  the  effect  of  confiscating  the  capital 
already  embarked.  Even  in  countries  where  there  is  a  semblance  of 
justice  in  these  respects,  government  interference  often  acts  as  a 
restraint.  For  instance,  the  right  to  trade  or  manufacture,  some- 
times depends  on  licences  or  concessions,  the  price  for  which  is — all 
or  part — a  source  of  revenue  to  dishonest  officials  or  persons  of 
influence.  The  price  thus  paid  for  what  may  really  be  a  mere 
permission  to  benefit  the  country,  loads  the  undertaking  from  the 
commencement,  and  still  leaves  the  risk  of  competition  from  another 
successful  application  by  similar  means ;  while,  on  the  other  hand, 
if  not  only  permission,  but  monopoly  be  granted,  the  community  is 
taxed.  There  are  of  course  undertakings — such  as  tramways,  water- 
works, electric  light  and  power  works,  and  gas-works — which  must 
to  some  extent  be  monopolies,  and  in  the  profit  of  which  it  is  right 
that  the  community  should  share;  though  it  would  generally  be 
better  if  such  a  share  lay  in  the  conveniences  afforded,  low  tariffs, 
or  the  reversion  of  the  property  after  a  term  of  years,  rather  than  in 
a  money  contribution  to  the  public  revenue.     In  some  cases  trade 
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is  much  injured  by  vexatious  restrictions,  even  though  these  may  be 
of  a  petty  kind.  For  instance,  onerous  laws  as  to  master  and  work- 
men, undue  responsibility  on  the  master's  part  for  accidents,  taxes  on 
materials  or  on  revenue,  may  exist,  and  not  only  so,  but  have,  often, 
to  be  secured  by  heavy  sureties  or  money  deposits.  Hindrances 
such  as  these  may  harm  the  community  for  the  advantage  of  a  few  ; 
and  experience  has  proved  that,  in  regard  to  industrial  undertakings, 
a  government  acts  best  by  interfering  as  little  as  possible.  In 
Great  Britain  there  are  laws  which  are  none  the  less  in  restraint 
of  trade  because  enacted  for  the  public  good.  The  Mines  Regula- 
tions Acts,  the  Compensation  for  Accidents  Acts,  laws  as  to  hours  of 
labour  for  children  or  for  the  enforcement  of  education,  and  limits 
as  to  the  loading  of  ships — ^all  these,  in  the  first  instance,  increase  the 
expenses  of  production  and  delivery.  But  it  cannot  be  doubted  that 
such  laws,  wisely  applied,  will  so  increase  the  comfort  or  intelligence 
of  the  workmen  as  to  fully  balance  the  apparent  loss. 

Obstacles  sometimes  arise  from  the  method  rather  than  from  the 
amount  of  taxation.  Thus  manufacturers  are  greatly  hindered  in 
some  countries  by  taxes  so  imposed  as  to  require,  to  prevent  evasion, 
constant  inspection  and  regulation  of  processes.  In  Great  Britain 
the  numerous  taxes  of  this  kind  which  formerly  existed,  and  which 
required  a  costly  and  complex  administration,  have  been  almost  all 
abolished,  with  a  gain  to  the  community  far  outweighing  the  taxes 
sacrificed.  Paper  and  glass  afford  conspicuous  instances,  for  these 
industries,  when  relieved  from  the  inspection  and  interference  of  the 
excise  officers,  became  greatly  extended,  and  better,  more  numerous, 
and  cheaper  commodities  were  manufactured.  And,  although  excise 
limitations  on  beer  and  spirits  still  exist,  they  are  recognised  as  evils 
which  are  minimised  by  the  nature  of  the  articles  taxed,  and  by  that 
need  of  revenue  which  forbids  their  abolition. 

Engineering  factories  in  countries  where  such  industries  are  new, 
and  especially  factories  in  seaports,  are  generally  first  established  for 
repair  work  which  must  be  performed  locally.  Railways,  docks,  gas- 
works and  other  undertakings  which  are  necessarily  localised,  as  well 
as  the  steamships  frequenting  the  ports,  constantly  require  the  services 
of  the  engineering  trades  ;  and  factories  whose  primary  purpose  is  to 
satisfy  such  wants,  find  employment  also  in  new  work  on  a  small 
scale.  When  the  natural  resources  of  material  and  an  industrious 
people  are  available,  manufactures  may  so  increase  as  at  last  to 
entirely  supersede  the  necessity  for  importation.     Trade  so  established 
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on  a  natural  basis  is  more  likely  to  prosper  than  that  dependent 
on  subsidies  or  protection.  Manufactures  are  encouraged  in  some 
countries  by  the  granting  of  a  monopoly  to  whoever  will  inaugurate 
a  new  industry ;  and  a  justification  of  such  monopolies  may  to  some 
extent  be  based  on  the  same  grounds  as  justify  the  patent  rights 
granted  to  inventors,  for  an  entirely  new  industry  is  somewhat  of  that 
character.  But  though  expediency  may  in  some  cases  excuse  the 
granting  of  monopolies  to  encourage  the  investment  of  capital,  trades 
so  fostered  are  seldom  of  real  advantage,  and  the  evils  of  the  system 
outweigh  the  supposed  benefits.  Government  aid  may  be  granted 
also  by  guaranteeing  for  a  few  years  a  revenue  to  some  new  industry 
which  is  obviously  needed,  but  which,  because  of  its  novelty,  may 
not  without  some  such  guarantee  tempt  c^italists  to  venture.  But, 
as  already  stated,  that  legislation  is  of  the  best  kind  which,  avoiding 
all  possible  interference,  is  directed  only  to  the  removal  of  obstacles, 
thus  giving  greater  freedom  for  enterprise. 

Climate  has  to  be  considered  in  certain  trades,  since  extreme 
heat,  cold  or  moisture  may  render  processes  carried  on  successfully 
elsewhere,  difficult  or  expensive  or  unprofitable.  An  iron  or  steel 
industry  situated  in  a  country  where  the  hours  of  labour  are  lessened 
by  seasons  of  extreme  heat,  is  obviously  at  a  disadvantage  with 
others  not  so  hindered.  On  the  other  hand,  in  countries  subject  to 
intense  frost,  all  operations  depending  on  a  water  supply  or  the  flow 
of  water  through  pipes  are  liable  to  stoppage.  Again,  extremes  of 
climate  tell  injuriously  where  workmen  are  brought  from  a  distance 
into  surroundings  to  which  they  are  unaccustomed.  As  climate  largely 
determines  the  kind  of  buildings  and  the  arrangements  which  may  be 
necessary  for  heating,  lighting,  and  ventilating,  a  factory  should  be 
designed  to  meet  the  prevailing  exigencies  of  the  seasons,  such  as 
heat,  cold,  rain  and  wind.  Any  precautions  which  are  usual  in  the 
locality  to  meet  these  conditions  should  be  investigated,  and  if  ex- 
pedient, imitated.  Too  often,  however,  it  does  not  occur  to  those 
who  are  familiar  with  these  circumstances  to  describe  them  to  the 
engineers  at  a  distance  whose  aid  they  may  seek  for  designs  and 
projects.  Sometimes  the  climate  may  render  special  artificial  warm- 
ing or  ventilating  arrangements  necessary,  and  in  all  matters  of  this 
kind  the  comfort  of  the  workmen  is  in  the  true  interests  of  the  em- 
ployer. In  a  climate  where  extremes  of  temperature — as  in  Great 
Britain — or  frequent  rains,  hinder  out-of-<loor  work,  the  covering  in  of 
open  spaces  may  prove  a  remunerative  capital  investment.     Work- 
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Advantages  of      men  will  obviously  work  better  when  protected  from  unsuitable 
p   per  8  e     .      ^g^thcr ;  and  the  saving  must  not  be  measured  merely  by  the  hours  in 

which  work  would  otherwise  be  hindered,  but  by  much  indirect  gain, 

as  the  current  or  standing  charges  of  a  factory  continue,  even  though 

the  work  be  stopped ;  and  after  a  stoppage,  much  time  is  often  lost 

in  starting  again.     If  all  the  men   do  not  return  together,  groups 

of  men  dependent  on  each  other  may  be  rendered  useless  by  the 

absence  of  one  or  two.     The  warming  of  workshops  in  winter  before 

the  men  arrive  in  the  morning  is  advantageous  to  the  proprietors,  and 

Showy  buildings    outlay  may  be  better  bestowed  for  such  purposes  than  on  showy 

e  avoi  c  .     buildings  or  expensive  offices.     Unless  in  a  retail  trade,  purchasers 

are  little  influenced  by  such  supposed  attractions,  and  simple  offices 

suitable  for  their  immediate  purpose  are  in  better  keeping  with  the 

Building         object  of  a  manufactory.     The  design  for  a  factory  obviously  depends 

ma  cna  s.         largely  on  the  building  materials  available  in  the  locality,  and  the 

Setpagt  74.        reasons  for  or  against  importing  particular  kinds  of  material  should 

be  carefully  considered. 

Choice  of  locality.         The  choice  of  Locality  depends  mainly  on  the  contiguity  to 

materials,  on  the  cost  of  transport,  on  the  abundance  of  labour  and 

on  contiguity  to  the  consumer.     Taxation  and  other  public  burdens 

have  also  to  be  considered ;  for  these  vary  in  different  localities,  and 

in  some  cases  it  is  cheaper  to  establish  a  factory  outside  a  certain 

Contiguity  to      district  or  town.     The  importance  of  contiguity  to  suitable  materials 

See  Irok,  page -An,    depends  on  their  weight  or  bulk,  the  cost  of  carriage,  and  the  pro- 

j«CoppBR,/a^366.  portion  which  this  bears  to  the  whole  cost  of  production.     Thus,  in 

the  ruder  operations  of  the  iron  trade,  such  as  smelting,  if  the  coal 

and  ore  do  not  lie  together,  the  necessity  for  carrying  one  or  both 

long  distances  to  the  furnaces  might  entirely  forbid  the  trade,  unless 

Seepage  449.        the  Carriage  was,  by  means  of  water  communication,  cheap,  or  unless 

still  greater  difficulties  intervened  to  prevent  a  delivery  of  iron  from 

abroad. 

Materials  must  Materials  must  be  of  the  kind  exactly  suitable,  as  the  application 

proper   in  .  ^^  scientific  processes  to  manufacture  which  is  constantly  going  on 

prescribing  standards  of  comparison  and  quality  cannot  be  ignored. 

Steel  an  example.  Thus  in  the  manufacture  of  steel,  not  only  coal  and  iron  ore  are 

See  ^^^K\^  page  in,  needed,  but  special  kinds  of  each;  and  even  in  countries  where  coal 

•S"'' 'RON  Orb,       and  iron  abound,  some  part  of  the  materials  may  have  to  be  brought 

from  long  distances.  AH  the  countries  which  make  steel  by  the 
modern  processes  have  to  seek  far  and  wide  for  suitable  ore,  and  the 
cost  of  carriage  from  the  mines  of  Spain  and  other  Mediterranean 
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countries  which  furnish  supplies  to  Europe  and  America  is  an  im- 
portant item  in  the  cost  of  production.  In  trades  where  the  material 
bears  a  small  proportion  to  the  total  cost,  distance  matters  little,  if 
other  circumstances  are  suitable ;  and  a  maker  of  cutlery  and  firearms 
is  not — other  circumstances  being  favourable — weighted  much,  even 
if  the  iron  and  steel  be  brought  from  a  distance. 

Transport  is  an  important  incident  in  most  manufactures,  not 
only  for  the  raw  material,  but  for  the  finished  products ;  and,  as  just 
stated,  an  industry  otherwise  feasible  and  desirable  may,  for  want  or 
such  facilities,  be  rendered  entirely  impossible.  Except  in  the  most 
primitive  countries,  where  each  district  provides  for  its  own  wants, 
inter-communication  is  a  necessity;  and  next  to  the  maintenance 
of  law  and  order,  it  is  the  first  duty  of  a  government  to  promote  the 
construction  of  roads,  bridges,  and  harbours.  Instances  are  numerous 
where  countries,  highly  favoured  by  nature  and  having  abundant 
minerals,  fiiel,  and  water-power,  are  practically  standing  still  for  want 
of  means  of  communication.  For  instance,  when  such  countries 
border  on  the  sea,  manufactured  goods  which  might  be  produced  at 
home  are  brought  from  foreign  countries  and  delivered  within  a  short 
distance  of  the  inaccessible  native  products.  It  follows,  therefore, 
that  a  government  will  do  more  real  good  to  its  country  by  removing 
such  disabilities  than  by  giving  to  its  handicapped  industries  the 
artificial  stimulus  of  protective  duties  or  bounties. 

Where  speed  in  transit  is  not  esssential,  water  carriage  is  the 
cheapest  and  best ;  hence,  navigable  rivers  are  one  of  the  greatest 
natural  advantages  in  any  country.  Goods  once  embarked  may  be 
carried  long  distances  for  a  tithe  of  the  cost  of  road  or  railway 
carriage ;  and  in  the  case  of  bulky,  heavy,  or  fragile  goods,  the  risks  of 
carriage  are  generally  less.  Even  for  an  inland  trade,  canals  can 
compete  with  railways  in  the  cost  of  carriage,  but  they  can  seldom 
be  constructed  profitably  except  in  level  countries,  for  numerous 
locks  not  only  involve  large  capital  expenditure,  and  delays  in  transit, 
but  increase  the  cost  of  maintenance  and  working. 

It  is  obvious  that,  for  any  but  a  local  trade,  factories  should 
be  situated  on  the  lines  of  communication,  because  even  where  the 
manufactured  goods  are  for  local  use  only,  the  raw  materials  may 
have  to  b?  brought  from  a  distance.  The  cost  of  carriage  by  land  or 
water  depends  greatly  on  there  being  goods  to  carry  in  both  directions, 
this  being  one  of  the  numerous  advantages  of  the  free  exchange  of 
commodities.     Thus,  when  iron  ore  and  coal  are  100  miles  apart,  the 
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vessels  or  railway  waggons  taking  ore  to  the  coal  may  bring  back 
coal  to  the  ore.  Trades  utterly  dissimilar  may  assist  each  other  in  this 
way,  and,  indeed,  allow  an  otherwise  impossible  profit  by  reducing 
the  cost  of  carriage. 

Cartage  may  be  saved  by  building  a  factory  immediately  on  the 
railway,  canal,  or  river  which  serves  for  transport ;  but  while,  for 
engineers  or  others  dealing  in  heavy  merchandise  or  materials,  the 
point  is  of  importance,  in  other  cases  the  convenience  offered  should 
not  be  over-estimated  nor  allowed  too  great  a  weight  against  the 
opposing  advantages  of  another  site.  The  proportion  which  the  ex- 
pense of  cartage  bears  to  the  total  cost  of  production  and  delivery 
differs,  of  course,  with  the  nature  of  the  trade,  and  while  an  iron- 
maker  or  a  bridge-builder  may  economise  by  bringing  in  coal  and 
iron,  and  loading  up  goods  directly  on  to  a  railway  truck,  canal-boat,  or 
ship,  a  manufacture  of  machine-tools  or  small  steam-engines  might, 
if  the  general  advantages  of  the  railway  or  canal  are  present  in 
the  town  or  district,  find  no  sufficient  inducements  in  a  saving  of 
cartage  to  draw  him  from  an  otherwise  desirable  site.  A  railway 
siding  at  a  factory  often  enables  a  manufacturer  to  load  and  pack  his 
goods  more  carefully  or  systematically  than  would  be  feasible  at 
a  common  railway  station,  and,  in  the  case  of  heavy  goods,  to  utilise 
special  cranes  of  the  factory  which  do  not  exist  at  the  station.  Rail- 
way companies,  however,  do  not  always  allow  a  reduction  of  charges 
corresponding  to  the  duties  of  which  they  may  be  so  relieved. 

For  a  foreign  trade,  contiguity  to  the  sea  and  means  of  transport 
are  of  great  importance ;  and  it  is  to  these  advantages,  as  well  as  to 
the  possession  of  iron,  coal  and  skilled  labour,  that  Great  Britain 
owes  her  success  against  foreign  rivals.  Fjequent  transfer  and  trans- 
shipment are  not  only  expensive,  but  involve  risk  and  damage ;  the 
minor  charges  in  these  respects  often  exceeding  the  actual  cost  of 
transport.  Vast  outlays  on  docks,  jetties,  sidings,  cranes  and  other 
facilities  for  shipment,  greatly  reduce  the  expenses  of  the  manufac- 
turer and  the  merchant,  and  in  the  countries  which  possess  these 
advantages  much  assistance  is  rendered  to  traders  in  the  competition 
with  even  superior  natural  resources  in  other  countries. 

Contiguity  to  the  Consumer  is  sometimes  of  greater  importance 
than  contiguity  to  the  material,  for  the  convenience  to  the  purchaser 
of  ready  conference  with  the  manufacturer,  of  speedy  delivery,  and  the 
facilities  afforded  by  local  factories  for  after  repairs,  may  outweigh 
the  mere  saving  in  money  which  purchasing  from  the  more  distant 
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manufacturer  might  allow.  This  is  illustrated  by  the  example  afforded 
in  the  manufacture  of  agricultural  implements.  The  manufacture  of 
these  goods  has  been  largely  confined  to  districts  where  they  are 
used  and  purchased,  and  where  a  general  engineering  trade  would 
be  a  failure.  So,  also,  shipbuilding  may  prosper  at  commercial  ports 
not  so  well  favoured  in  regard  to  contiguous  materials  as  other  and 
more  remote  places.  In  great  cities,  or  centres  of  population,  trades 
may  generally  be  found  which,  though  not  favoured  by  circumstances 
generally  deemed  essential,  have  grown  up  to  satisfy  a  local  want. 
Trade  in  second-hand  or  waste  material  generally  flourishes  in  a  large 
city ;  and,  among  the  trades  which  thus  arise,  that  of  re-working  and 
rolling  scrap-iron,  or  the  utilisation  of  by-products  from  gas-works 
may  be  instanced. 

Labour  is  a  primary  necessity  in  all  manufactures,  and  skilled 
workmen  may  generally  be  best  obtained  in  localities  where  there  is 
a  congregation  of  similar  or  kindred  trades,  as  numerous  factories 
create  a  good  labour  market,  and  induce  workmen  to  seek  employ- 
ment there.  Such  a  congregation  of  factories  also  brings  purchasers 
to  the  locality.     New  countries  are  at  a  disadvantage  in  this  respect. 

Contiguity  to  Subsidiary  trades  is  sometimes  of  more  consequence 
than  at  first  appears.  Thus  if  a  Birmingham  gun-factory,  a  Sheffield 
cutlery  works,  or  a  Nottingham  lace-mill,  could  be  transported  with 
all  its  workmen  to  a  district  where  materials  were  plentiful  and  there 
was  a  brisk  demand  for  the  commodities,  they  might  fail  for  want  of 
the  preliminary  trades  which  perform  exclusively,  and  therefore 
cheaply,  the  earlier  processes  with  the  raw  material.  They  might 
also  fail  for  want  of  the  adjunct  or  contributory  trades  for  repairs 
and  renewals ;  and  for  want  of  the  various  minor  purveyors  who 
surround  the  numerous  similar  factories  in  the  original  district  or 
country,  but  which  a  single  factory  could  not  alone  support.  In 
other  words,  this  subdivision  of  labour  requires  a  large  trade  and 
a  busy  population :  thus  industries  needing  such  contributory  trades 
are  difficult  to  transplant. 

Contiguity  to  Fuel  or  to  Power  may  be  absolutely  necessary  if 
competition  with  rivals  similarly  favoured  is  to  be  successful.  The 
coal  for  steam  boilers  may  be  of  such  primary  importance  as  to 
be  classed  as  a  material  of  manufacture,  and  for  metallurgical  pro- 
cesses may  entirely  determine  the  suitability  of  a  locality.  The 
kind  of  fuel  which  can  be  obtained,  as  well  as  the  abuivlance  of  it, 
is  thus  one  of  the  numerous  circumstances  to  be  considered.     It  may 
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be  advantageous  to  erect  gas-producers  by  which  the  calorific  qualities 
of  coal  can  be  better  utilised  than  if  used  direct  The  improvements 
in  large  gas-engines,  and  the  facilities  by  which  cheap  producer-gas 
can  be  applied  to  metallurgical  purposes,  or  even  as  fuel  to  steam 
boilers,  justifies  the  intermediary  process. 

Water  is  necessary  to  most  trades,  quantity  being  important  in 
some  cases,  as  for  washing  ores  or  making  paper ;  quaUty  in  others, 
as  for  brewing,  bleaching,  and  dyeing ;  while  in  others  the  pressure 
from  elevated  reservoirs  or  from  rapid  streams  is  valuable  for  power 
purposes.  The  life,  or  durability  of  steam  boilers  depends  greatly 
on  the  kind  of  water  which  is  used  ;  and  if  it  be  very  "  hard,"  or  im- 
pregnated strongly  with  lime,  the  steel  plates  deteriorate  much  more 
rapidly  than  with  "  soft "  water.  But  it  is  possible  to  minimise  the 
evil  by  a  special  construction  of  boiler,  and  therefore  the  facts  should 
be  known  to  the  engineer  who  designs  the  machinery.  Water,  besides 
that  for  boilers,  is  needed  for  condensing-engines,  and  if  the  supply 
be  limited,  it  may  be  expedient  to  store  that  discharge  from  the 
engine  in  a  pond  or  tank,  for  re-use ;  while  if  only  salt  water  be 
obtainable,  surface-condensers  are  necessary.  A  supply  of  pure  and 
cool  drinking  water  for  the  workmen  not  only  adds  to  their  comfort, 
but  tends  to  their  sobriety.  On  the  source  of  the  supply  the  neces- 
sity for  wells  and  pumps  depends ;  on  the  abundance  of  the  supply 
and  the  liability  to  drought  or  scarcity,  the  kind,  number,  and  position 
of  storage  tanks.  If  the  water  is  to  be  derived  from  public  works, 
the  head  or  force  in  the  mains,  the  price  and  terms  at  which  the 
water  is  sold,  and  any  limitation  to  its  free  use,  should  be  fully  known 
and  considered  at  the  outset.  The  position  of  contiguous  water 
mains,  or  other  existing  source  of  supply,  should  be  ascertained  and 
delineated  on  the  building  plans. 

The  supply  of  Gas  or  Electricity  for  lighting  should  be  consi- 
dered ;  and  if  there  be  no  public  supply  it  may  be  expedient  to  con- 
struct special  works,  and  the  arrangement  of  these  must  be  embodied 
in  the  design.  Advantage  may  be  taken  of  the  motive-power  of  a 
factory  for  Electric  Lighting  purposes ;  or  the  blast  provided  for 
melting-furnaces  or  smiths'  fires  may  be  applied  to  crude-oil  lamps  ; 
where  power  is  not  available,  portable  self-acting  lamps,  which 
automatically  generate  their  own  blast,  may  be  used.  This  latter 
system  affords  a  cheap  and  brilliant  light  for  outdoor  operations. 

The  choice  of  a  Site  must  be  determined  partly  by  local  circum- 
stances, and  partly  by  the  nature  of  the  trade ;  and  great  care  is 
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requisite  not  to  exaggerate  too  much  the  importance  of  one  set  of 
incidents  to  the  exclusion  of  the  others.  The  value  of  land  for  a 
factory  depends,  of  course,  on  its  position  in  regard  to  a  town,  and 
to  the  means  of  communication ;  on  the  soil,  and  on  the  tenure.  A 
freehold  site  is  esteemed  everywhere ;  but  there  are  few  countries 
where  the  peculiar  conditions  which  are  common  in  England  in  con- 
nection with  leases,  titles,  and  restricting  covenants,  apply  with  equal 
force.  The  agricultural  value  is  generally  the  primary  measure  of 
price,  and  land  of  low  value  in  this  respect  may  frequently  be  ob- 
tained cheaply  for  building  purposes.  Suitability  of  the  substratum 
for  the  foundations  of  the  buildings  is  a  matter  which  depends  on  the 
kind  of  buildings  it  is  proposed  to  erect  and  on  the  nature  of  the 
trade.  The  condition  of  the  site  in  these  respects  should  be  known 
to  the  designer,  and  he  should  also  know  whether  it  is  already  cleared, 
levelled,  or  drained.  If  the  site  is  drained,  or  if  there  be  any  system 
of  drainage  established  in  the  neighbourhood,  information  concerning 
it  should  be  furnished,  and  noted  on  the  plan.  A  loose  soil  may 
involve  great  cost  in  foundations,  whilst  a  damp  soil  may  be  unsuit- 
able for  furnaces,  boilers,  or  foundry  pits,  and  need  expensive 
adaptation.  On  the  otiier  hand,  considerable  expenses  for  adaptation 
niay  be  justified  by  special  causes  \  as,  for  instance,  where  the  advan- 
tages of  a  river  frontage  may  warrant  considerable  outlay  for'  pile- 
driving,  embankments,  or  wharfs.  The  placing  of  a  factory  on 
marshy  or  und rained  soil,  or  on  a  river  bank,  may  render  certain 
operations  of  manufacture  difficult  or  impossible.  Certain  kinds  of 
castings  require  pits  below  the  ground  level,  and  if  these  are  liable 
to  be  flooded,  expensive  iron  lining  to  the  pits  may  become  neces- 
sary. 

A  site  otherwise  desirable  may  be  rendered  useless  for  want  of 
workmen's  houses ;  and  if  these  have  to  be  built  specially,  the 
capital  expenditure  becomes  greatly  increased.  It  is  expedient 
sometimes  in  the  case  of  certain  trades  to  choose  a  locality  remote 
from  a  town,  so  that  labour,  materials,  power,  or  other  necessary 
commodities  may  be  obtained  cheaply;  but  skilled  workmen  not 
infrequently  dislike  factories  remote  from  large  towns,  and  prefer 
places  where  comforts  and  amusements  are  more  abundant.  An 
expenditure  for  workmen's  houses  often  proves  a  profitable  invest- 
ment; but  if  the  houses  depend  entirely  on  the  new  industry  for 
tenants,  a  heavy  pledge  for  its  continuance  is  added  to  the  general 
risks.     In  the  vicinity  of  large-  cities  like  London  or  Glasgow,  work- 
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reduced  by  free 

trade. 


men's  trains  at  very  low  fares  afford  the  same  convenience  as  do 
cheap  houses  near  the  factory.  Not  only  houses,  but  cheap  food  and 
clothing  reduce  the  cost  of  labour,  and  these  advantages  are  best 
obtained  by  allowing  freedom  of  commerce  to  the  various  traders 
who  will  come  forward  to  supply  a  demand. 
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In  establishing  a  factory,  one  of  the  primary  considerations  which 
must  be  kept  in  view  throughout  the  design  is  the  Capital  outlay 
and  the  proportion  it  will  bear  to  the  probable  revenue.  Many  of 
the  most  profitable  industries  have  grown  up  piecemeal  from  very 
small  beginnings,  every  fresh  extension  being  justified  by  a  pressing 
need  and  guided  by  a  preceding  experience.  A  manufacture  so 
established  is,  however,  often  greatly  hindered  by  the  want  of  order 
and  arrangement  in  the  various  parts  or  processes ;  and  a  succession 
of  additions  and  attempted  improvements  sometimes  culminates  in 
an  entire  rebuilding  of  the  factory.  It  is  not  unnatural,  therefore, 
that  capitalists,  in  establishing  a  new  factory,  anticipate  high  profits 
because  of  the  improved  plans  they  are  adopting,  and  on  the  fact 
that  they  benefit  by  the  accumulated  experience  they  find  available. 
The  ingenuity  which  suggests  all  these  arrangements  may,  however, 
be  a  cause  of  positive  loss  instead  of  profit.  So  much  money  may  be 
laid  out  on  railway  sidings,  special  machinery  and  other  facilities, 
that,  unless  a  large  output  can  be  maintained,  the  load  of  capital 
swamps  the  entire  undertaking.  In  the  desire,  therefore,  to  have 
every  arrangement  perfect,  there  is  risk  of  incurring  an  expenditure 
which  may  really  prove  unremunerative,  even  though  the  outlay  has 
been  for  labour-saving  processes.  Factories  so  established  may,  how- 
ever, eventually  repay  those  who  can  afford  to  wait ;  but  without  a 
large  trade  the  burden  of  capital,  especially  if  some  of  it  be  borrowed, 
is  a  frequent  cause  of  failure.  Ultimately  the  profit  is  reaped  by 
those  who  take  advantage  of  the  failure  to  buy  the  factory  for  much 
less  than  it  has  cost ;  and  instances  are  not  uncommon  of  a  second 
or  even  a  third  change  of  ownership  taking  place  before  the  capital 
can  be  brought  down  to  a  sum  on  which  the  earnings  will  show  a 
profit.  Cases  of  this  sort  mostly  arise  when  a  period  of  prosperous 
trade  encourages  the  extension  of  factories,  which  attain  completion 
only  when  a  reaction  has  set  in  and  trade  has  become  dull.  The 
current  rate  of  interest  is  the  primary  standard  by  which  the  suffi- 
ciency of  profit  must  be  measured  :  the  prospective  profit  necessary 
to  induce  an  investment  of  capital  in  manufactures  being  determined 
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by  the  risks  and  trouble  of  the  particular  trade  in  question.  In  newly- 
settled  countries,  the  current  rate  of  interest  is  much  higher  than  in 
Great  Britain,  where  spare  capital  is  abundant  for  those  who  have 
inducements  to  offer.  This  high  rate  of  interest  for  hioney  is  there- 
fore as  much  a  disadvantage  in  international  competition  as  dearness 
of  material,  labour,  or  any  other  necessary  commodity.  The  depre- 
ciation of  buildings  and  plant  must  also  be  taken  into  account, 
and  the  temptation  to  treat  as  profit  the  surplus  of  income  ovei 
expenditure,  without,  sufficient  allowance  for  depreciation,  resisted. 
The  circumstances  that  must  be  considered  in  "  writing  off"  for  wear 
and  tear  and  other  causes  are  various,  and  no  fixed  rates  can  be 
established  till  all  the  circumstances  are  known. 

The  Order  of  procedure  in  the  processes  of  manufacture,  and  pro- 
vision for  after-extension,  are  two  circumstances  not  always  easily 
reconciled  in  preparing  the  plan  of  a  factory.  The  first  may  be  con- 
sidered as  of  the  more  immediate  importance.  In  dealing  with  heavy 
materials  which  have  to  be  treated  in  many  departments,  the  cost  of 
manufacture  and  the  general  economy  of  the  factory  greatly  depend 
on  the  arrangement  of  the  various  workshops,  so  that  the  proper 
sequence  of  operations  may  be  observed.  It  is  thus  desirable  to 
avoid,  not  only  unnecessary  carriage,  but  unnecessary  lifting  also. 
Goods  from  factories  on  high  ground  can  be  despatched  down-hill  to 
a  railway  or  port  very  cheaply,  while  if  on  low  ground,  the  material 
may  be  brought  down-hill  to  the  factory.  In  favourable  cases,  the 
empty  waggons  can  be  drawn  up  by  the  descending  loaded  waggons. 
In  some  factories  it  is  sought  to  bring  in  the  materials  on  an  upper 
story,  and  to  let  them  descend  by  their  own  gravity  through  the 
various  workshops  and  processes  to  the  ground,  so  that  the  materials 
may  be  taken  in  at  the  higher  level  and  carted  out  at  the  basement. 
Hoisting  may,  however,  be  so  cheaply  and  expeditiously  performed 
by  the  various  modern  appliances,  that  too  much  importance  should 
not  be  given  to  plans  for  avoiding  it ;  and  the  same  consideration 
applies  in  estimating  the  advantages  of  a  two  or  many-storied  factory, 
as  compared  with  those  of  one  where  all  the  processes  are  carried  on 
on  a  ground  floor.  Although  in  special  cases,  such  as  an  iron-foundry 
or  smelting-works,  a  ground  floor  is  alone  suitable,  there  are  often 
positive  advantages  in  working  on  an  upper  floor.  Light  and  air  may 
be  better  obtained  ;  the  workmen  are  less  disturbed  by  other  opera- 
tions, and  may  be  kept  under  better  control ;  and  there  is  also  the 
obvious  saving  in  the  area  of  land  required.     Travelling-cranes  and 


Low  interest 
AdvantAgeoui' 


Depreciation. 

See  Workshops, 
page  770. 


Order  of 

procedure. 


Laying  out  of 
.   factory. 


Sequence  of 
operations. 

Haulage  and 
lifting. 


See  Ckanbs  and 

Loco  MOTIVES, 

Paget  787  ^  691. 


Ground  floor  and 
upper  stories. 


Advantages  of 
upper  floor. 


474  Mdthesofis  Aid'  Book.        [Chap.  XVIII. 

Modem  facilities,  hoists,  OS  usually  available  in  modem  factories,  allow  of  plans  and 

workshop  arrangements  of  a  kind  formerly  impracticable  or  too 

expensive.     On  the  other  hand,  where  land  is  abundant,  and  there 

appear  advantages  in  working  upon  the  ground  floor,  the  cost  of 

handling  and  moving  materials  and  goods  must  not  be  measured  by 

Tramwasrt.       the  distance,  but  by  the  facilities  obtainable  for  carriage.     Tramways 

allow  heavy  or  bulky  articles  to  be  moved  easily  and  cheaply ;  and, 

unless  there  be  some  special  advantages  obtainable  by  connecting  to 

Narrow  gauges.  Hnes  of  railway  outside,  narrow  gauges  are  best     From  lo  inches  to 

St*  also  page  60,     j^  inchcs  gauge  will  suffice  for  a  warehouse,  and  18  inches  to  30 

inches  gauge  for  an  engineer's  factory,  these  latter  dimensions  allow- 
ing the  use  of  locomotives.     For  the  purposes  of  a  factory,  such  a 
line  may  even  be  laid  with  advantage  between  the  rails  of  a  standard- 
Comparative  cost  gauge  railway  already  established  for  outside  communication.     On 
hauUi^.*"     the  whole,  however,  hoisting   is  cheaper  than  horizontal  carriage, 
though  in  both  the  cost  depends,  not  merely  on  the  distance  tra- 
Stepagei^      vcrsed,  or  even  on  the  bulk  or  weight  of  the  articles,  but  on  the 
number  of  times  they  have  to  be  handled  or  attached  to  the  moving 
power. 

The  design  of  a  factory  depends,  of  course,  on  the  nature  and 
Subdivision  of    extent  of  the  proposed  industry.    The  preparation  of  the  raw  material, 

and  the  manufacture  of  it  into  articles  of  utility  by  other  per&ons  who 
purchase  it,  are  a  main  division  which  prevails  in  almost  all  manu- 
facturing trades.     Thus,  for  instance,  the  smelting  of  iron  and  the 
Primary  trades,    rolling  of    Steel   plates   are  generally   maintained  as   trades   quite 

separate  from  those  of  the  founder  or  bridge-builder.     Even  where 

by  general  rule  or  custom  such  a  separation  of  work  prevails,  there  is 

often  a  tendency  towards  a  combination  of  the  two  manufactures; 

Tendency  towards  and  though  the  expediency  of  such  a  combination  must  obviously  be 

combination  of      ,  .        ,  ,         ,  •  /•  i  •      t  i 

trades.  determmed  by  the  merits  of  each  particular  case,  there  are  certain 
main  principles  which — in  varying  degree — apply  to  almost  all  cases. 
The  subject  has  to  be  considered  from  the  point  of  view  of  the 
manufacturers  of  the  finished  article,  who  wish  to  produce  also  the 
material  which  they  have  hitherto  purchased ;  and  from  another  view, 
in  the  interest  of  those  who  have  confined  their  attention  to  the  pro- 
duction of  such  material,  and  who  wish  to  enter  upon  the  final 
manufacture  also. 
Supposed  saving         In  the  Struggle  of  competition,  and  in  the  desire  to  economise  at 

of  intermediaries.  w  -.        •  i  c  i      i     i  11 

each  stage  of  production,  the  manufacturer  may  be  led  to  undertake 
the  earlier  processes  with  the  idea  of  saving  an  intermediate  profit 
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which  may  allow  a  sale  of  the  finished  commodity  at  lower  prices 

than  rivals  can  afford ;  but  this  is,  to  a  great  extent,  fallacious,  for 

the  capital  employed  in  a  really  distinct  function  should  earn  its  own 

profit ;  and  it  can  hardly  be  expected  that  the  earlier  processes  will 

be  cheapened  under  inexperienced  or  deputed  management.     Some-  Additional  trade 

times,   even  where  the   burden  of  the  additional  capital  is  fully         capital. 

recognis^.d,  a  larger  or  more  easily  earned  total  profit  is  the  object 

still  in  view.     The  vicissitudes,  risks,  and  difficulties  of  an  accus-       New  riaks 

undertaken. 

tomed  trade  are  well  known ;  but  the  eammgs  of  anothers  trade  are 
more  apparent  than  the  dangers  or  the  drawbacks  which  belong  to  it. 
The  maker  of  the  raw  material,  which  has  to  be  sold  at  exactly  Mistaken  hope  of 
regulated  market  rates,  sees  that  the  finished  commodity  is  sold  at 
prices  not  so  strictly  defined,  and  which,  in  ignorance  of  the  actual 
conditions  of  manufacture,  he  may  consider  very  profitable ;  while,  on 
the  other  hand,  the  maker  of  the  finished  goods,  who  has  generally 
more  varied  difficulties  to  encounter  in  his  proper  business  than  the 
first  from  whom  he  buys  his  material,  is,  on  his  part,  tempted  to  enter 
upon  a  trade  which  appears  to  be  simple,  easy,  and  profitable.  A 
maker  of  ^he  first  material  is  sometimes  reluctantly  compelled  to  enter  Combined  trades 
upon  the  secondary  or  finished  trade  to  find  an  outlet  for  his  products ;  necessary, 
but  if  these  cannot  otherwise  be  disposed  of,  the  fact  generally  implies 
a  slack  or  fluctuating  demand  for  the  finished  commodity  also.  One 
of  the  best  justifications  for  establishing  a  factory  to  furnish  the 
material  which  it  would  be  more  usual  to  purchase,  is  where  there 
are  actual  circumstances,  such  as  distance,  or  lack  of  competi- 
tive sellers,  rendering  a  regular  supply  doubtful;  or  where  it  is 
important  to  have  materials  of  high  or  peculiar  quality  which  cannot 
otherwise  be  ensured. 

There  is  often  the  disadvantage  in  such  a  combination  of  trades,  Disadvantages  of 

combined  trades 

that  in  dull  times  the  demand  for  the  final  products  may  not  be  in  duu  times, 
sufficient  to  absorb  the  materials  prepared  for  them ;  and  if,  to 
dispose  of  these,  an  outside  sale  is  attempted,  successful  competition 
with  established  traders  is  doubtful.  Again  the  trade  in  finished 
products  requiring  a  variety  of  material,  may  often  be  greatly  ham- 
pered by  the  necessity  of  purchasing  from  one  source,  and  may  be 
at  a  disadvantage  with  competitors  who  are  free  to  select  from  the 
patterns  or  qualities  of  numerous  traders,  and  who  can  make  avail- 
able a  cheap  supply  from  any  quarter.  Where  aid  is  sought  in  the 
establishment  of  a  new  factor}',  either  to  design  it  or  to  provide 
capital,  the  scope  of  the  new  enterprise  should  be  clearly  stated  in 
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regard  to  the  above  points,  so  that  the  extent  and  cost  may  be  cor- 
rectly estimated  in  relation  to  the  anticipated  profits. 

Sometimes  a  subordinate  trade  is  established  for  the  utilisation  of 
refuse  products  which  would  otherwise  be  entirely  wasted;  but  it 
would  often  be  preferable  if  possible,  to  induce  or  even  assist  others 
to  establish  such  a  trade  as  a  separate  undertaking.  In  any  case, 
where  two  or  more  trades  are  carried  on  together,  the  costs  of  the 
different  departments  should  be  so  recorded  as  to  show  distinctly 
the  burden  and  profit  of  each ;  for  if  only  the  general  result  be 
known,  those  branches  of  the  business  may  be  encouraged  or 
extended  in  which  actual  loss  is  accruing. 

The  tendency  of  trades  is  towards  subdivision  into  specialties. 
Thus  for  use  in  an  engineering  factory,  not  only  the  material,  but  all 
castings  and  heavy  forgings,  may  be  purchased,  and  neither  a 
foundry  nor  a  steam-hammer  be  established.  Although  possibly 
some  profit  may  be  lost  in  this  way,  a  less  amount  of  capital  is 
needed  for  plant  and  appliances ;  and  a  manufacturer  with  limited 
means,  but  with  a  knowledge  of  his  own  particular  trade,  may  wisely 
confine  himself  to  it ;  at  any  rate,  till  he  has  acquired  means  and 
experience  to  go  farther. 

The  arrangement  of  a  factory  depends  also  on  the  particular  kind 
or  class  of  commodities  to  be  manufactured.  Thus  in  an  engineer- 
ing works,  the  kind  of  machinery  to  be  provided  (which  will  itself  be 
determined  by  the  wants  of  the  local  and  other  trades  employing  it), 
or,  in  an  iron  foundry,  the  kind,  size  and  weight  of  the  castings  to 
be  made,  will  do  much  to  determine  the  kind  of  buildings,  the  thick- 
ness of  walls,  the  strength  of  cranes,  the  width  of  doors,  and 
other  points  of  importance.  In  most  cases  there  are  accustomed 
measures  of  quantity  by  which  the  extent  or  capacity  of  a  factory 
can  be  described.  Thus,  in  an  iron  foundry  there  is  the  tonnage  of 
castings  of  a  specified  kind  per  week ;  in  a  bridge-building  factory 
the  annual  weight  of  structures ;  in  a  locomotive  or  marine-engine 
factory  the  number  of  engines  of  a  certain  size  that  can  be  erected 
at  the  same  time,  and  the  total  capacity  of  output  per  year.  This 
information  should  be  furnished  to  whoever  is  consulted  about  any 
part  of  the  factory,  for  the  kind  and  quantity  being  thus  stated,  the 
various  processes  and  departments  of  manufacture,  with  the  suitable 
apparatus  and  machinery,  can  be  designed  in  due  proportion. 

Where  a  large  trade  is  expected,  it  is  generally  sought,  in  the  ar- 
rangement of  the  site  and  buildings,  to  provide  for  future  extensions, 
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but  it  is  generally  prudent  to  confine  the  first  expenditure  to  what 
will  be  immediately  remunerative.     Sometimes  it  may  be  sufficient 
merely  to  take  care  in  the  design  that  nothing  shall  hinder  such  an 
after-extension ;  whilst  in  the  other  cases  it  may  be  expedient  even 
from  the  first  to  provide  for  certain  departments  or  processes  of 
manufacture  in  excess  of  the  immediate  demand  upon  them.     Thus 
in  an  engineering  workshop,  space  for  a  foundry  may  be  provided  or     Ample  spAca 
enclosed,  although  its  immediate  use  may  not  be  contemplated ;  or        ^^^ 
an  erecting-shop  may  be  made  large  enough,  and  the  overhead  crane     cranea  mada 
strong  enough,  for  a  heavier  class  of  goods  than  are  at  first  to  be    •*"*"»  enough, 
made;  for  while  stronger  machine-tools  may  be  easily  purchased 
when  the  need  arises,  the  alteration  of  the  premises  might  prove  dif- 
ficult -or  expensive.     If  land  be  cheap,  it  may  be  expedient  to  pur-       Bxtra  land 
chase  at  the  outset  sufficient  for  the  probable  extensions,  although 
sometimes  the  cheaper  plan  of  acquiring  with  one  plot  of  land  the 
right  of  purchase  for  a  certain  number  of  years  of  adjoining  plots 
may  be  feasible.     If  purchased,  the  surplus  portion  may  either  be  let 
out  to  tenants  on  short  terms  till  wanted,  or  fenced  in.     Sometimes  it  Workahopt  built 
is  deemed  expedient  to  carry  further  the  preparations  for  an  extended   "*  "***  fumiahed, 
trade.     The  buildings  may  be  erected,  but  not  furnished  with  plant. 
Thus  in  an  engineering  factory,  shop-space  for  additional  work- 
benches or  machines  may  be  provided  at  the  outset,  and  utilised 
merely  as  storage-room.     In  such  a  case  the  walls  and  columns  may       Walls  and 
with  advantage  be  made  of  suitable  form  and  strength  for  carrying    ready  for  after 
lines  of  shafting  \  columns  turned  for  the  ready  attachment  afterwards 
of  cranes  or  drilling-machines ;  and  in  various  other  ways  prepara- 
tions made  which  add  little  to  the  immediate  cost,  but  which  will 
save  much  future  expenditure. 

In  deciding  upon  the  expediency  of  any  extension  which  a  sudden  Extensions  need 

caution* 

increase  of  trade  may  suggest,  or  on  the  purchase  #of  new  plant  or 
machinery  for  manufacturing  some  new  class  of  goods  for  which  a 
demand  has  arisen,  the  probability  of  permanency  in  the  new  demand 
must  be  carefully  considered ;  for  capital  once  invested  in  such  a  way  inveated  capital 
is  not  easily  recovered,  and  a  too  hasty  expenditure  to  meet  an  ex- 
pected augmentation  of  trade  is  one  of  the  most  frequent  causes  of 
disaster.  Foresight  is  necessary  in  the  arrangement  of  the  buildings  Foreaight  to  be 
to  ensure  symmetry  and  due  accord  between  the  various  processes ; 
and  to  this  end  the  plans  should  be  decided  upon  only  after  they 
have  been  considered  with  reference  to  each  department  of  manufac- 
ture.    If  it  be  attempted  to  prepare  the  plans  piecemeal — for  instance   unity  of  design. 
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lastanceB. 


See  Shafting, 
jto/v  5X3. 


Provision  for 
extending. 


Designer  needs 
full  information. 


Similar  rules 

apply  to  all 

manufacturing 

trades. 


to  design  the  buildings  and  then  consider  what  machinery  shall  be 
used  and  where  it  shall  be  placed,  and  then  only  to  arrange  the  order 
of  procedure — trouble  and  loss  are  almost  certain  to  occur.  For 
example,  in  an  engineering  factory  it  may  be  found  that  the  buttresses 
of  walls  do  not  accord  with  the  positions  of  shafting-brackets ;  that 
roof  beams  are  not  strong  enough  or  properly  spaced  for  shafting 
hangers ;  that  the  light  does  not  enter  in  the  most  advantageous  way ; 
the  doors  are  inconveniently  placed,  or  too  small ;  that  the  columns 
are  suited  only  for  their  primary  purpose  of  supporting  the  roof,  and 
that  they  require,  for  want  of  suitable  brackets  or  projections,  uncouth 
additions  to  accommodate  cranes,  shafting,  or  drilling-machines.  The 
positions  of  important  machines,  and  especially  of  engines  and  boilers 
which  may  require  excavations  or  foundations,  should  be  considered 
before  the  building  is  commenced,  and  the  engine  room  and  boiler 
house  be  made  large  enough  for  additional  power. 

Where  parallel  blocks  of  workshops  are  erected,  land  may  be  left 
for  extending  any  or  all  of  the  blocks  endways.  Lines  of  shafting  or 
pipes  in  the  original  workshops  may  be  made  of  size  and  transmission- 
capacity  sufficient  for  the  ultimate  needs. 

In  discussing  the  scheme  of  a  new  factory,  a  contoured  plan  of 
the  proposed  site,  with  neighbouring  roads,  railways,  and  canals 
marked  upon  it,  should  be  considered ;  as  the  shape  of  the  site,  its 
levels,  and  position  in  regard  to  these  circumstances,  determine  the 
arrangement  of  the  buildings.  The  direction  from  which  materials 
will  be  brought,  that  in  which  the  finished  commodity  will  be  taken 
out,  and  the  means  of  conveyance,  should  also  be  borne  in  mind. 

The  foregoing  remarks  have  been  directed  mainly  to  the  establish- 
ment of  engineering  works,  and  a  due  regard  to  the  points  alluded 
to  is  necessary  |^  the  proper  designing  of  a  factory.  But  engineers 
are  concerned  in  the  establishment  of  almost  all  kinds  of  factories, 
where  also  considerations  of  a  similar  kind  arise.  A  proper  scheme 
can  only  be  propounded  and  a  design  made,  on  the  basis  of  full  in- 
formation on  every  point ;  and  though  the  varieties  of  purpose  and 
circumstance  in  different  trades  are  too  many  to  be  enumerated,  the 
nature  of  the  points  to  which  attention  is  necessary  may  to  some 
extent  be  gathered  from  those  which  have  been  given  in  this  chapter 
for  one  important  industry. 

[See  also  Transmission  of  Power  :  Steam-Engines  :  Electric- 
Lighting  :  Cranes  :  Machine-Tools  :  Buildings  and  Roofs.] 


CHAPTER   XIX. 

THE    TRANSMISSION    OF    POWER.      FUEL.      STEAM.      WATER. 

COMPRESSED  AIR.      ELECTRICITY.      CONNECTING-RODS. 

SHAFTING.      BELTING.      WIRE   ROPE. 

The  generation  or  de- 
velopment,   the     trans- 
mission, and  the  appli- 
cation of  power  are  three 
distinct  processes  which 
have  occupied  engineers 
in  all  ages.      Of  these 
three,  however,  the   in- 
termediate   hnk  —  the 
transmission  of  power — 
has     not     received     so 
much  attention   as   the 
e,  or  as  it  deserves.     In- 
uccu,  Willie  motors  of  every  conceivable 
kind  have  been  the  subject  of  innumerable  inventions,  and  while     TranamiMii 
machine-tools  and  labour-saving  processes  have  been  a|>piied  to  all        nc(i«ted. 
branches  of  the  arts  and  manufactures,  the  transmission  of  power 
from  the  motor  to  the  machine  has,  either  because  it  is  less  interest- 
ing, or  because  it  has  appeared  to  be  of  less  importance,  been  com- 
paratively neglected.      Not  only  is  there  frequently  an  unnecessary 
loss  in  transmission,  but  natural  sources  of  power  have  been  entirely 
neglected  because  they  are  situated  in  remote  or  inconvenient  places, 
the  means  really  available  for  transmitting  such  forces  having  been 
insufficiently  appreciated.    Since  1870  much  more  attention  has  been 
directed  to  the  various  transmission  systems,  both  in  Europe  and 
America, 

There  is  necessarily  a  loss  of  power  by  all  transmutations  and 
transmissions,  and  although,  by  experiment,  i[  has  been  ascertained 
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with  a  considerable  degree  of  accuracy  the  amount  of  loss  incidental 

to  each  system,  no  mere  theoretical  comparison  is  sufficient     For  in 

Different  tvttemB  comparing  the  respective    advantages  of  the  different  means  of 

transmittmg  power,  the  circumstances  to  which  regard  must  be  had 
and  which  will,  indeed,  determine  the  choice  to  be  made,  are  various. 
Choic*,,  how     First,  there  is  the  nature,  situation,  and  amount  of  the  motive  power, 
with  which  one  system  of  transmission  rather  than  another  may 
accord;  secondly,  there  is  the  distance  to  be  traversed  and  the 
obstacles  that  intervene,  which  may  render  certain  methods  of  trans- 
mission unsuitable  or  impossible ;  thirdly,  the  power  may  either  have 
to  be  transmitted  in  the  gross  or  distributed ;  and  fourthly,  there  is 
the  nature,  situation,  and  extent  of  the  machine  or  purpose  to  which 
the  power  is  to  be  ultimately  applied,  and  to  which  one  system  of 
transmission  may  lend  itself  more  readily  than  another. 
List  of  methods.        Before  attempting  to  apply  these  considerations,  the  various  me- 
thods of  transmitting  power  may  be  briefly  enumerated  as  follows : — 
Fuel.  Fuel  is  the  only  form  in  which  even  potential  force  can  be  con- 

Setpagt  481.      veyed  from  one  country  to  another.     Gaseous  fuel  affords  advantages 
for  transmission  and  distribution  over  a  considerable  distance. 
Steam.  Steam,  as  the  most  convenient  form  of  developed  heat-force,  finds 

Sf*pa£t4fii.      its  best  application. in  the  place  where  it  is  generated,  and  is  seldom 
transmitted  far. 
Water.  Water  is  used  for  transmitting  power  in  two  distinct  ways  :  one, 

Stepagt^s,      where  from  a  high-level  source  it  conveys  the  force  of  gravity;  and 
another,  where,  as  a  secondary  transmitter,  it  conveys  force  given  to 
it  by  some  motor. 
Compressed  air.         Compressed  Air  is  used  for  transmitting  force  produced  by  some 
Set^agt  496.      original  or  secondary  motor.    It  is  available  for  considerable  distances, 
but  it  is  costly,  and  finds  its  chief  application  where  the  power- 
receiving  machine  is  so  situated  as  to  render  other  and  more  usual 
methods  inconvenient. 
Bicctricityv  Electricity,  as  proved  and  developed  by  its  use  for  lighting,  has 

^*rAv»5c4'      become  available  for  transmitting  force  long  distances,  where  all 
other  methods  are  impossible,  and  also  for  distributing  power  where 
shafting  was  formerly  the  only  available  means. 
Connecttng-rods.         Contiecting-rods  are  mainly  used  as  parts  of  a  machine,  but  are 
SnMg9  509-      used  occasionally  also  for  conveying  power  to  a  moderate  distance, 
for  simple  purposes,  where  merely  a  reciprocating,  and  not  a  circular, 
motion  is  required, 
ng.  Sha/tifig  is  seldom  used  for  transmitting  gross  power  for  more  than 
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short  distances,  but  for  distributing  power  it  is  more  often  employed 
than  any  other  means. 

Belting  and  belt  ropes,  though  they  may  be  regarded  merely  as  Belting, 

adjuncts  to  shafting,  need  separate  consideration  as  transmitters,  for        Seepage  516. 
they  are  used,  not  only  for  distributing  power,  but — to  an  increasing 
extent — for  transmitting  gross  power. 

Wire  Rope  is  used,  not  only  for  distributing  power,  but  for  trans-        wire  rope, 
mitting  power   for  considerable  distances  in  the  gross.      Since  the        Set  page  ^vi. 
comparatively  recent  dates  at  which  wire  ropes  were  introduced  their 
uses  have  been  greatly  extended ;  and  there  are  many  situations  for 
which  they  are  better  suited  than  any  other  means. 

Fuely  as  the  portable  embodiment  of  potential  heat-force  in  that  it    Transmiaaion  by 
allows  the  dormant  energy  stored  up  at  one  place  to  be  utilised  for 
giving  motions  to  machines  at  a  distance,  may  be  legitimately  classed    stored -up  force, 
among  transmitters.    The  collieries  of  Great  Britain  are  conveniently 
situated  for   shipment   of  coal,  and  so  great  are   the  facilities  for 
sea-carriage,  that  it  may  be  transported  with  advantage  to  distant 
countries  as  a  source  of  power.     So  cheaply  is  this  effected,  that  rail-  Coiueriea  in  Great 
way  traffic  in  India  or  South  America  can  be  worked  almost  as    ^    ^   "  /"*     . 

'  ^  See  CoAu,  pages  364 

cheaply  as  in  England,  by  means  of  coal  carried  5000  miles.     Thus  ^  sa?- 

to  transmit  force  to  the  best  advantage,  it  is   obvious   that   high- 
quality  coal  should  be  chosen,  and  of  a  kind  that  deteriorates  the 
least   in   stowage  and  transit,  so  as  best  to  repay  the  expenses  of        See  page  s^. 
carriage  common  to  all  qualities.     The  work  of  the  steam-engine 
may  be  included  as  the  last  part  in  the  transmitting  process,  and  a  ^^^Stkam-Encinks, 
steam-engine  that  consumes  only  2  lbs.  of  coal  per  horse-power  per  '  *''* 

hour  can  be  worked  more  cheaply  with  coal  carried  half  round  the 
world  than  can  a  steam-engine  in  the  vicinity  of  a  colliery,  where — 
perhaps  because  of  its  abundance — 10  lbs.  of  coal  per  horse-power 
hour  are  consumed. 

Mineral  Oil  is  likely  to  take  an  important  place  as  portable  fuel ;       Mineral  oii. 
its  use  for   locomotives  and   steam  ships,  where  coal  is  dear,  and 
more  directly  in  petroleum  engines,  having  already  proved  its  fitness. 
The  vast  oil  wells  of  Southern  Russia  are  likely  to  afford  an  increas-     see  Oil  Enginks, 
ing  supply.  ^^'  ^°^' 

Coal-Gas y  made  cheaply  in  the  form  of  producer-gas,  affords  a         Coai-Oas. 
means  of  transmitting   potential  heat-force  more  conveniently  and 
cheaply  in  certain  cases  than  by  any  other  means.     In  the  direct  use 
of  coal    there   are   unavoidable  losses  recognised   by  engineers,  as 

♦   2   I 
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Water-i^as. 
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exemplified  by  the  fact  that  the  effective  or  brake  horse-power  given 
Set  HoRSK-PowBR,    out  by  the  best  kind  of  steam  engine  is,  when  expressed  in  equivalent 

heat  units,  only  one-eighth  part  of  the  heat  units  evolved  by  the 

combustion  of  the  coal  in  the  fire-grate  of  the  boiler.     When  made 

into  gas,  not  only  is  this  great  difference  reduced,  but  the  gaseous 

fuel  affords  great  facilities  for  distribution  and   application.      In 

L«08  waste  with    Other  words  it  is  found  that  a  greater  net  result  can  be  obtained 

coal.  from  the  gas  made  from  a  given  weight  of  coal  than  from  the  coal 

Producer-gaa.      itself.     Producer-gas  was  first  utilised  by  Siemens  and  others  for  the 

manufacture  of  steel ;  the  experience  gained  in  steel-works  has  led 
to  many  improvements ;  and  as  the  gas  can  be  conveniently  distri- 
buted throughout  a  works  in  brick  conduits  or  iron  pipes,  it  has 
largely  superseded  the  direct  use  of  coal  for  various  metallurgical 
and  chemical  purposes.  Water-gas,  made  by  the  decomposition  of 
steam  when  brought  into  contact  with  incandescent  coke,  may  some- 
times be  advantageously  mixed  with  producer-gas  for  certain  welding 
and  other  processes  with  iron  or  steel. 

The  use  of  gas-engines  was  greatly  restricted  so  long  as  high- 
priced  illuminating  gas  was  alone  available  for  them.  The  substitu- 
tion of  cheap  producer-gas  about  the  year  1882  was  a  great  advantage, 
but  lessened  so  long  as  gas  of  a  suitable  kind  could  only  be  made 
from  particular  kinds  of  coal,  such  as  anthracite.  By  later  inventions, 
suitable  producer-gas  can  be  made  from  bituminous  coal,  and 
though  it' has  only  about  one-fourth  the  calorific  value  of  illuminating 
gas,  it  is  cheaper,  because  it  costs  less  than  2d.  per  1000  feet  (from 
coal  costing  loj.  per  ton).  Much  even  of  this  low  cost  is  recovered 
by  the  value  of  the  residual  products  obtained,  mainly  sulphate  of 
ammonia,  which  is  saleable  almost  everywhere  as  an  artificial  fertiliser 
of  land. 

The  chief  uses  for  gaseous  fuel  are : — 

(i)  The  melting  and  re-heating  of  iron  and  steel,  and  for  other 
analogous  metallurgical  purposes. 

(2)  As  fuel  for  steam  boilers.  Where  there  are  numerous  boilers 
distributed  over  a  considerable  area,  and  where  an  aggregate  of  not 
less  than  200  horse-power  is  required,  it  is  cheaper  to  utilise   the 

Qaseoua^fuei,  how  coal  in  the  form  of  gaseous  fuel  generated  at  central  producers,  and 

to  convey  it  in  pipes  to  the  boilers.  By  this  means  also  much  of  the 
labour  of  stoking  and  loss  by  unconsumed  cinders  and  the  cost  of 
their  removal  are  saved. 

(3)  For  rapid  combustion  or  explosion  in  a  gas-engine.     Since 


used. 
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gas-engines  of  high  power  have  proved  successful,  the  advantages  of       Seepage  605. 
producer-gas  for  such  motors  have  been  still  further  enhanced. 

As  gas  can  be  conveyed  in  pipes  with  very  little  loss  by  friction 
or  leakage,  it  is  available  for  transmitting  power.  Generally,  its  use 
in  this  way  has  been  limited  to  a  range  of  1000  feet  for  the  purposes 
above  described,  but  the  success  with  which  the  natural  gas  of 
Pennsylvania  has  been  conveyed  for  distances  up  to  50  miles,  shows 
that  producer-gas  may  be  utilised  in  a  similar  way.  When  power  is 
wanted  at  distances  up  to  5  miles,  it  may  be  cheaper  to  use  the  gas  Seepage  504. 
near  where  it  is  made  (either  as  fuel  for  a  steam  boiler  or  in  a  gas-  Elbc. Transmission 
engine)  to  operate  a  dynamo  generator,  and  to  transmit  the  power  by 
an  electric  conductor.  But  beyond  5  miles  the  cost  of  conveying 
electricity  rapidly  increases,  and  if  way-leave  for  pipes  can  be 
obtained,  gas  could  in  some  cases  be  more  easily  and  cheaply  con- 
veyed for  distances  up  to  50  miles  than  an  equivalent  force  by 
electricity. 


Zitu  and  other  metals  having  a  potential  heat-force,  which  may  be 
developed  by  combustion  or  decomposition  in  a  battery,  might  be  in- 
cluded in  the  present  category ;  but  except  that  zinc  as  used  in  primary 
batteries  is  alluded  to  under  the  head  of  electric  transmission,  such 
substances  do  not  come  within  the  scope  of  the  present  article. 


Heftt-force  in 
sine. 

Seepage  254  ^  868. 


The  transmission  of  power  by  Steam  is,  in  the  great  majority  of 
cases,  confined  to  the  few  feet  distance  between  a  boiler  and  the 
cylinder  of  a  steam-engine ;  and  it  is  obviously  advantageous,  for 
many  reasons,  thus  to  utilise  the  power  as  near  to  the  generator  as 
possible.  But  there  are,  occasionally,  situations  where  this  contiguity 
is  unattainable ;  and  experience  shows  that  steam  can  be  effectively 
conveyed  long  distances.  At  mines,  for  instance,  boilers  above 
ground  supply  pumping  and  other  engines  more  than  looo  feet 
below ;  and  though  the  loss  by  condensation  in  transit  is  a  difficulty 
which  may  render  other  systems  of  transmission  preferable,  this  can 
be  met  to  a  large  extent.  The  envelopment  of  steam-pipes  in  felt  or 
other  non-conductors  of  heat,  is  effective  in  proportion  to  the  care 
with  which  it  is  performed ;  and,  for  long  distances,  elaborate  pre- 
cautions are  sometimes  taken,  by  which  steam  may  be  conducted 
2000  feet  with  a  diminution  of  not  more  than  5  lbs.  pressure.  Steam 
for  the  warming  of  buildings  is  frequently  conveyed  long  distances  in 
pipes ;  but  though  this  may  afford  an  example  of  transmission,  it  is 

2   I  2 
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of  course  the  very  purpose  of  such  pipes  to  give  out,  and  not  to 
retain,  the  heat. 

It  often  happens  in  a  factory  that  small  steam-engines  are  required 
in  situations  where  steam-boilers  would  be  inconvenient,  or  where 
their  presence  would  increase  greatly  the  rate  of  fire  insurance.  More- 
over, a  special  attendant,  who  would  not  be  required  for  an  engine,  is 
needed  for  a  boiler.  Machine-tools,  whose  distance  from  the  main 
shafting  of  a  factory,  or  whose  great  size,  renders  transmission  of 
power  by  shafting  inconvenient,  are  often  fitted  with  a  separate  steam- 
engine  which  may,  under  certain  circumstances,  be  advantageously 
supplied  with  steam  from  a  distance ;  especially  where  the  machines 
are  only  occasionally  worked,  and  where,  therefore,  the  maintenance 
of  pressure  in  a  contiguous  boiler,  or  the  time  occupied  in  raising 
steam,  would  be  wasteful.  But  the  intermittent  nature  of  the  service 
required,  which  may  render  the  maintenance  of  heat  or  high  pressure 
in  a  contiguous  boiler  inconvenient,  is,  on  the  other  hand,  a  direct 
cause  of  loss  when  steam  is  brought  from  a  distance.  For,  however 
well  the  pipes  may  be  enveloped,  they  become  in  a  short  time,  when 
the  connection  with  the  boiler  is  cut  off,  as  cold  as  the  surrounding 
atmosphere ;  and  therefore,  though  the  pipes,  when  once  thoroughly 
heated,  may  conduct  the  steam  with  but  little  loss,  there  must  neces- 
sarily be  considerable  condensation,  and  therefore  unremunerative 
consumption  of  fuel,  each  time  the  steam  is  admitted  to  them  after 
a  stoppage. 

There  are  instances,  in  English  manufacturing  towns  and  elsewhere, 
of  one  large  boiler  supplying  steam  to  numerous  tenants  of  contiguous 
workshops,  whose  rent  to  the  proprietor  for  the  room  they  occupy  is 
made  to  include  payment  for  steam  also.  This  distribution  of  steam 
for  power  purposes  is,  however,  generally  limited  to  moderate 
distances,  in  one  block  or  closely  contiguous  blocks  of  buildiqgs. 
So  effectual,  however,  is  the  plan  of  enveloping  the  pipes  in  non- 
conducting material,  when  properly  applied,  that  steam  has  been 
used  in  New  York  for  distributing  heat  and  power  over  considerable 
districts  by  means  of  pip:s  laid  under  ground.  In  the  year  1888 
6000  H.P.  was  sold  within  a  radius  of  half  a  mile  from  the  generating 
boilers.  It  was  found  possible  to  restrict  the  loss  by  condensation 
to  5  per  cent.,  and  although  there  was  an  additional  loss  from 
leakage,  the  system  has  been  remunerative  at  prices  averaging 
about  a  dollar  per  H.P.  per  week  of  60  hours.  At  Exhibitions  where 
steam-power  is  temporarily  required,  and  in  small  workshops  where 
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Steam  from  central  boilers  is  sold  to  users,  prices  approximating  to 
one  penny  per  horse-power  hour  have  been  usual.  Where,  as  in  New 
York,  there  is  a  great  demand  for  heating  purposes  as  well  as  for 
power,  there  is  a  good  opportunity  for  transmisson ;  but,  generally, 
the  difficulties  which  are  likely  to  arise  are  so  great  as  to 
render  the  general  adoption  of  such  a  system  unlikely.  Steam-pipes 
should  be  kept  under  cover,  and  be  protected  from  risk  of  damage  or 
interference ;  and  it  is,  of  course,  necessary  to  provide  suitable  traps  and 
outlets  for  condensed  steam.  If  situated  on  private  property,  troughs 
or  trenches  below  ground  may  serve,  if  there  be  no  convenient  roof 
shelter ;  but  if  the  pipes  would  have  to  cross  streets  or  pass  along 
public  highways,  the  attendant  risks  or  inconveniences  generally 
forbid  their  use.  With  regard,  therefore,  to  the  transmission  of 
steam  considerable  distances  in  towns,  for  distribution  and  sale  to 
users,  although  such  a  system  might  be  feasible  where  streets  are 
made  in  the  modem  manner  (as  in  some  London  streets  and  else- 
where), with  subways  specially  contrived  for  water,  gas,  and  other 
pipes,  the  local  difficulties  and  conflict  of  authorities  in  towns  not  so 
provided  would  almost  certainly  be  prohibitory. 

The  modem  tendency  towards  higher  pressure  of  steam  than  for- 
merly, allows  more  margin  for  a  reduction  in  pressure  during  transit ; 
but  the  unremunerative  consumption  of  fuel  which  a  reduction  implies 
is  none  the  less.  There  is  always  the  inconvenience  that  the  loss  in 
transit  reduces  the  dryness  of  the  steam,  and  increases  the  liability 
to  priming.  The  superheating  of  steam  by  a  second  process  after  it 
leaves  the  boiler  is  directed  towards  this  evil,  and  neutralises  some  of 
the  effects  of  long  transit.  The  question  of  conveying  steam  long 
distances  is  simplified  if,  by  care  in  the  arrangements,  it  can  be 
resolved  into  one  merely  of  expenditure  of  fuel,  against  which  can 
be  set  the  conveniences  which  in  any  particular  case  are  obtained. 
The  comparisons  suggested  above  are,  however,  all  affected  by  the 
advantages  afforded  by  electricity,  which  are  in  most  cases  superior 
for  transmission  and  distribution. 
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Power  can  be  stored,  or  concentrated,  or  transmitted,  or  distri-    Transmission  by 

water. 

buted,  by  Water  \  and  in  many  cases  more  effectively  and  cheaply 

than  by  any  other  means :  some  or  all  of  these  separate  functions 

being  combined  according  to  the  purpose  in  view.     For  the  mere 

transmission  of  power,  water  may  be  regarded  as  a  long  column  or  rod.     Water  columns 

which,  if  force  be  applied  to  it  at  one  end,  will  give  out  a  similar  force 
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at  the  other.  Thus,  if  it  be  desired  to  convey  the  force  exerted  by 
steam  on  a  piston  to  another  piston  loo  yards  or  looo  yards  distant, 
a  pipe  laid  underground  from  one  to  the  other  will  perform  this  effect- 
ually. For  instance,  there  may  be  in  or  about  a  factory  a  hoist  too 
remote  from  the  nearest  steam-engine,  or  the  requirements  may  be  too 
intermittent  to  utilise  its  force  economically  by  means  of  shafting  or 
steam-pipe.  The  hoist  used  for  lifting  pig-iron  and  fuel  to  a  cupola- 
furnace  is  an  example.  If  a  ram  or  piston-rod  working  in  a  cylinder 
A,  be  placed  beneath  the  platform  of  the  hoist  C,  and  this  cylinder  be 
connected  by  a  pipe  to  a  steam  cylinder  B,  conveniently  placed  in  a 
boiler-house  at  a  distance,  and  the  pipe  filled  with  water,  the  platform 
of  the  hoist  may  be  mad^  to  rise  by  admitting  steam  above  the  piston 
in  the  boiler-house ;  and  the  water  in  the  pipe  being  pushed  forward, 
in  its  turn  pushes  up  the  ram  of  the  hoist  and  holds  it  in  position  as 
long  as  the  steam  pressure  is  maintained.  By  allowing  the  steam  to 
escape,  the  hoist  falls  by  its  own  weight,  the  water  flowing  backwards 
or  forwards  at  each  of  these  Of)erations.  Water,  though  it  may  be 
thus  compared  to  a  column  or  rod,  has  the  great  advantage  over  them 
that  it  can  be  conducted  even  long  distances  and  by  tortuous  routes 
without  requiring  moving  mechanism  of  any  kind.  The  simple  me- 
thod above  described  was  in  use  in  England  about  1855,  and  since 
that  time  "  hydraulic  rods,"  "  water  bars,"  or  '*  water  spears,"  as  they 
are  called  in  different  districts,  have  been  substituted  in  several 
instances,  both  in  Great  Britain  and  abroad,  for  the  long  reciprocat- 
ing rods  so  often  used  for  transmitting  power  in  mines.  The  more 
modern  accumulator  system  is  an  amplification  of  this  method. 

There  is  practically  no  limit  to  the  distance  which  power  can  be 
transmitted  by  water,  but  as  a  misapprehension  frequently  arises  in 
regard  to  hydraulic  apparatus,  even  among  those-  acquainted  with 
other  mechanical  processes, — such  hydraulic  machines  being  some- 
times regarded  as  generators  or  creators  of  power,  or  as  capable  of 
evading  natural  laws  by  producing  great  results  without  a  correspond- 
ing exertion  or  without  a  consumption  of  already  existing  force — it 
may  not  be  superfluous  to  elucidate  shortly  the  principles  involved. 
A  column  of  water  of  i  square  inch  sectional  area  weighs  nearly 
^  lb.  for  each  foot  in  height,  a  column  100  feet  high  weighing  43^  lbs. 
(43 '  5  lb.)>  a^^d  if  such  a  column  of  water  were  applied  to  a  pair  of 
scales,  or  to  the  end  of  a  lever,  it  would  have  neither  more  nor  less 
effect  than  the  same  weight  of  iron,  or  sand,  or  quicksilver.  The 
force  or  power  which  can  be  obtained  from  any  head  of  water,  is 
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simply  the  product  of  its  weight  per  foot  of  height  (which  depends, 
as  stated  above,  on  the  sectional  area  of  the  conduit),  multiplied  by  the 
number  of  feet  in  height ;  and  if,  as  in  a  waterfall  or  rapid,  there  be 
also  taken  into  account  the  abundance  of  the  supply  or  speed  of  flow, 
the  number  of  foot-pound  units  affording  a  measure  of  horse-power 
will  be  arrived  at.  While,  however,  a  large  reservoir  or  supply  pipe 
will  serve  for  large  or  numerous  machines,  it  is  fallacious  to  suppose 
that  the  power  of  any  one  water  motor  of  given  size  will  be  increased 
by  enlarging  the  reservoir  or  pipe.  Such  an  enlargement  would  have 
no  more  effect  than  would  an  increase  of  boiler  and  steam-pipe  have  on 
the  p>ower  of  a  steam-engine  with  a  cylinder  of  given  dimensions.  It 
is  the  head  or  height  of  column  and  not  the  area  of  the  supply  which 
determines  the  power,  as  will  be  further  elucidated  presently  in  the 
description  of  the  Bramah  press.  It  is,  however,  desirable  and  usual 
to  have  the  supply  pipes  of  hydraulic  machines  of  ample  size,  so  as 
to  minimise  the  loss  by  friction. 

The  extreme  fluidity  of  water,  which  enables  it  to  pass  by  tortuous 
routes  into  the  narrowest  or  smallest  place,  allows  the  weight  or  force 
of  gravity  which  a  column  or  head  of  water  expresses,  to  be  applied 
in  a  variety  of  ways,  and  to  a  degree  which  is  impossible  by  any 
other  means.  Accordingly,  engines  contrived  with  cylinder  and 
piston  similar  to  those  in  steam-engines  can  be  worked  by  water ;  but 
a  natural  head  of  water  is  seldom  attainable,  and  to  produce  it  artifi- 
cially a  steam  or  other  motor  for  pumping  up  the  water  would  be 
required,  which,  in  most  cases,  would  be  better  applied  directly  to  the 
ultimate  purpose  in  view.  The  want  of  elasticity  in  water  also  renders 
it  less  suitable  than  steam  for  giving  rapid  piston  motion,  and  the 
economy  which  expansion  allows  in  a  steam-engine,  is  wanting. 
Rotary  water  engines,  therefore,  are  seldom  used  except  where  there 
is  a  natural  head  of  water,  or  one — ^as  in  connection  with  a  town 
supply — provided  for  other  purposes ;  or  where  it  is  desired  to  utilise 
power  from  a  distance ;  or  where,  for  some  secondary  reason,  it  is 
undesirable  to  use  steam. 

By  means  of  water  the  smallest  forces  may  be  so  accumulated  and 
transmitted  as  to  bring  them,  with  the  aid  of  other  transmission 
systems,  into  practical  use.  An  instance  of  such  a  combination 
would  be  afforded  where,  some  considerable  mechanical  force  being 
needed  and  neither  water-power  nor  fuel  being  obtainable,  wind  was 
the  only  kind  of  force  available.  Windmills  may  be  usefully  applied 
to  pumping  up  water ;    and,  as  is  often  seen  in  Holland,  they  work 


Abundance  of 
supply. 

Set  HORSR-POWBRf 

page  568. 


Power  depends 

on  height,  not 

area. 


See  page  ^t)\. 


Water  conveyed 

by  tortuous 

routes. 


Water-engines 

^nrith  moving 

pistons  worked  by 

pumped -up 

water. 


Direct  steam- 
power  generally 
preferred. 


Accumulation  of 
power  by  water. 


Wind-power 
utilised  by  water. 


488 


Mathesons  Aid  Book, 


[Chap.  XIX. 


Stored  in 
reservoirs. 


Transmitted  by 
various  means. 


The  water-power 
in  town  mains. 

Seepage  iq8. 


Conveyed  long 
distances. 


Seepage  373. 


Points  to  be 
considered. 


Favourable  cases. 


Natural  power. 

River^power  in 

Sw^itzerland  used 

for  pumping. 


Small  water- 
engines. 

Seepage  609. 


Cost  per  H.P. 
in  Zuiich. 

See  aUo  page  525. 


without  attention,  whatever  be  the  direction  in  which  the  wind  is 
blowing.  By  such  a  means,  therefore,  water  could  be  pumped  up 
to  an  elevated  reservoir ;  small  pumps  worked  nearly  continuously, 
accumulating  a  large  quantity.  The  water  from  the  reservoir  could 
be  brought  down  in  pipes  and  applied  through  the  medium  of  a  tur- 
bine or  hydraulic  engine  and  thence  by  means  of  compressed  air, 
high-pressure  water,  electricity,  wire-rope,  shafting,  belting,  or  con- 
necting-rods, to  the  ultimate  object  in  view.  Probably  by  no  other 
means  could  the  fluctuating  action  of  the  wind  be  so  well  transmuted, 
accumulated,  and  applied. 

The  main  pipes  by  which  water  is  supplied  to  towns  may  be,  and 
frequently  are,  utilised  for  transmitting  power,  the  force  of  course  de- 
pending on  the  height  of  the  reservoir  from  which  the  water  flows. 
There  are  cases  in  which  water-engines,  cranes,  and  other  machines 
are  worked  even  as  far  as  twenty  miles  from  the  reservoir,  without 
the  intervention  of  any  other  apparatus ;  and  the  advantages  of  a 
system  by  which  power  may  be  transmitted  over  hills  and  valleys, 
and  even  across  rivers,  by  simple  pipes,  are  obvious.  Hydraulic 
mining  aflbrds  an  example  of  pressure  water  conveyed  distances  of 
more  than  fifty  miles.  Lines  of  pipes  conveying  oil  500  miles  from 
the  oil  wells  to  the  sea  also  afford  analogous  examples.  Whether 
it  be  remunerative  to  use  water  which  has  been  pumped  up  by 
steam-power  to  a  reservoir,  depends  on  the  cost  of  fuel  for  the 
engines,  on  the  facilities  for  obtaining  power  in  some  other  way 
along  the  line  of  pipes,  and  on  other  local  circumstances.  A  more 
favourable  case  occurs  where  a  waterfall  or  rapid  stream  is  available 
for  working  the  pumps  without  any  expenditure  for  fuel.  In  such 
cases,  power  necessarily  localised  can  be  conveyed  to  a  distance, 
and  profitably  distributed.  The  rapid  rivers  in  Switzerland  have  in 
this  way  been  utilised  by  means  of  wheels  or  turbines,  which  pump 
up  water  to  high-level  reservoirs  on  the  neighbouring  hills,  from 
whence  it  descends  in  pipes,  and  is  supplied  for  working  small  water- 
engines  in  factories  or  workshops.  There  are  numerous  trades 
where  moderate  power  is  alone  required,  and  where  small  water- 
engines  of  from  i  to  5  horse-power  are  very  useful,  as  they  can  be 
worked  at  any  hour  at  the  will  of  the  user,  who  pays  only  according 
to  the  water  consumed,  as  measured  and  registered  by  a  meter  on 
the  engine.  In  Zurich,  for  instance,  water  motors  are  let  on  hire  by 
the  municipality  at  a  rate  of  7\i,  per  horse-power  per  hour.  Such  a 
charge,  though  high  if  compared  with  the  cost  of  obtaining  power 
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from  a  steam-engine  by  the  expenditure  of  fuel,  is  cheap  if  the  con- 
venience of  having  power  always  at  hand  be  also  reckoned.     More-    Compared  with 

.  .  ...  i_  i_         ^°**  ^^  steam. 

over,  It  must  be  taken  m  account,  m  estimatmg  the  cost,  that  the 
tariff  is  according  to  quantity  and  not  according  to  time  only,  the 
net  power  utilised  having  alone  to  be  paid  for.     Not  only,  however,  is  watei>oower  for 
the  water  from  the  public   mains  available  in  the  manner  above  ^^ 
described,  but  it  is  used  for  portable  engines  also,  water-engines  on 
wheeled  carriages  moving  from  place  to  place,  being  instantaneously  Power  uken  frcm 
connected  by  hose  to  a  street  hydrant,  the  exhaust  water  being  •    *     ^ 
allowed  to  flow  into  the  gutter.     In  this  way  sawing  engines  peram- 
bulate the  town  for  sawing  wood  for  fuel;  and   during  building 
operations  small  water-engines,  attached  to  winches  or  hoists,  are 
fixed  at  the  foot  of  the  scaffolding  for  hoisting  building  materials,  the 
waste  water  being  useful  for  mortar-mixing  or  other  purposes. 

Small  water-engines  are  driven  by  water  from  the  public  mains  in  Power 

_      ,.  ,  „  -     .  ,  .     .  ,     J  from  street  mains 

many  English  towns ;   small  motors,  hoists,  and  cranes  being  worked      in  England, 
in  this  way  at  pressures  varying  from  30  to  90  lbs.  per  square  inch, 
according  to  the  locality,  the  abstraction  of  water  for  other  purposes, 
and  leakage.      But  the  system  compares  disadvantageously  with  the     Accumulator 
more  effective  accumulator  pressure  which  is  now  so  widely  adopted.   '^%^7>rj*4M. 

The  amount  of  power  which  the  public  mains  aflford  depends,  of  pressure  in  main, 
course,  upon  the  height  of  the  reservoir  which  supplies  them,  and  the     °^    *  ermine 
consequent  pressure  of  the  water ;  but,  in  arranging  the  water  supply  ^/^  watkr-works, 
of  a  town,  an  engineer  will  be  guided  by  consideration  of  the  pressure        ^^  **' 
which  will  take  the  water  to  the  top  of  the  highest  houses,  or  which 
will  afford  sufficient  force  for  the  jet  of  a  fire-engine,  and  not  that  Sm  Firr-rnrinks, 

Pttge  633. 

which  will  permit  the  conveyance  of  power  for  general  purposes.     A 

head  of  water  of  50  feet,  giving  a  pressure  of  22  lbs.  per  inch,  is  the     Low  P«»»Y«"e 

least  which  would  render  water  engines  profitable  ;  for,  with  a  small 

pressure,  the  friction  of  the  machine,  leakage,  and  other  disturbing 

incidents,  tell  with  great  effect.     A  higher  pressure  is  therefore  much  Li™**  °'  pressure 

to  be  preferred  ;    but  it  is  seldom  that  a  head  of  more  than  200  feet 

is  provided  in  the  public  mains.     A  higher  pressure  is  inconvenient 

for  domestic  water-supply,  as  special  fittings  become  necessary,  and 

the  risk  of  loss  by  leakage  or  waste  is  increased.    So  far  do  these  con-  Zones  of  altitude. 

siderations  prevail,  that  where  the  reservoir  is  more  than  200  feet       Seepage-ioo. 

above  the  town,  or  where  there  is  great  difference  of  level  in  different 

districts,  it  is  usual  to  divide  the  town  into  different  zones  of  altitude, 

and  to  provide  service  reservoirs  at  the  moderate  height  considered 

necessary  for  each.     Where,  however,  the  source  or  first  reservoir  is      Power  often 
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at  a  greater  height  than  that  needed  for  the  domestic  supply,  and  if 
there  be  surplus  or  spare  water,  it  is  inexpedient  to  waste  the  store  of 
power  which  gravity  affords  ;  and  if  there  be  trades  which  can  utilise 
it,  a  special  main,  from  the  higher  level,  for  water-motors  and  fire- 
SetVvvf»,fnge^^\  extinction  purposes  would  be  generally  advantageous.    Pipes  strong 

enough  to  convey  water  of  300  feet  pressure  cost  little  or  no  more 
than  those  for  100  feet,  and  even  pipes  for  a  head  of  500  feet  are  not 
very  much  more  expensive  unless  the  diameter  be  great. 
Selling  price  of         The  selling    price  of  water  depends  on  various  circumstances, 

principally  on  the  abundance  of  the  supply  and  the  cost  of  obtain- 
vaiue,  how  ing  and  distributing  it.  Degrees  of  softness  for  washing  or  manu- 
facturing, purity  for  domestic  use  and  pressure  for  fire  purposes,  are 
the  incidents  on  which  the  value  of  water  depends  \  and  it  is  obviously 
the  pressure  by  which  the  value  of  a  supply  for  power-machines  is 
Water  sold  by    determined.     Water  is  generally  sold  to  large  consumers  by  meter, 

4//.  and  2s,  per  1000  gallons  being,  with  few  exceptions,  the  extreme 
s*f  Water-works,  rates  which  prevail  in  England ;  and,  unless  the  capital  expenditure 

has  been  very  large,  it  will  generally  be  found  that  a  price  of  6^. 
affords  a  sufficient  return.    Where  water  is  scarce  the  authorities  may 
refuse  to  sell  it  as  power ;  and  even  if  the  supply  be  liable  to  stoppage 
Seasons  of       in  dry  seasons,  this  application  of  it  may,  in  a  manufacturing  com- 
"*"^   '         munity,  be  rendered  useless.     But  where  an  abundant  rainfall  affords 
a  more  than  sufficient  supply  for  most  seasons  of  the  year,  the  ex- 
storage,         pediency  of  constructing  storage  reservoirs  is  worth  consideration. 
Water  is  used  most  profitably  in  those  trades — such  as  paper-making 
Exhaust-water    and  dyeing — where  the  exhaust-water  from  the  motor  can  be  utilised 

for  a  second  purpose.      Although  a  head  of  more  than  200  feet  is 
Natural  head  of  seldom  afforded  by  town  mains,  and  a  natural  head  of  more  than 

water  not  enough.  .         .  „  •      ,  ,  «  •   i       • 

500  feet  IS  generally  unattainable,  even  by  special  pipes,  except  m 
mountainous  countries,  forces,  which  such  a  height  expresses  are  much 
below  those  which  are  best  suited  to  hydraulic  machines  other  than 
prime  movers.  And  as,  with  a  low  pressure,  large  quantities  of  water 
would  be  required  to  af!brd  great  power,  this  application  of  gravity- 
force  is  limited  in  its  application.  The  low  pressure  may,  however, 
by  a  simple  apparatus,  be  multiplied  for  special  machines  ;  but  it  can 
See  page  ^f^^.       then  Only  be  conveniently  applied  for  a  direct  action  and  a  short 

stroke. 
Bramah  press.  In  a  description  of  power  transmission  by  water,  the  Bramah  press 

almost  necessarily  finds  a  place,  as  it  was  the  first  in  a  series  of  in- 
ventions by  which  the  peculiar  properties  of  water  were  rendered 
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available.  Just  as  water  finds  its  level  by  the  natural  law  of  gravity,  Laws  of  pressure, 
so  will  water  confined  in  a  close  vessel,  or  in  a  series  of  vessels  com- 
municating by  pipes,  press  equally  in  all  directions ;  and  if  to  such 
a  close  vessel  or  series  of  vessels  a  vertical  pipe  be  attached  and  filled 
with  water  to  the  ^op,  there  will  be  a  pressure  on  every  square  inch 
on  all  the  sides  of  the  vessel  of  nearly  ^  lb.  for  each  foot  of  height, 
or,  for  example,  if  the  height  be  1000  feet,  the  pressure  per  inch  will 
be  435  lbs.  The  diameter  or  sectional  area  of  the  pipe  or  column  is  see  also  pace  ^i^ 
of  no  consequence ;  it  may  be  i  inch  or  i  foot  with  equal  effect : 
although,  of  course,  if  the  sides  of  the  vessel  or  any  movable  ram  or 
piston  within  it  begin  to  yield,  so  as  to  give  out  this  concentrated 
pressure,  the  smaller  pipe  will,  if  not  kept  replenished,  be  exhausted 
sooner  than  would  the  larger  one.     As  it  is  practically  impossible.   High  column  of 

water 

except  in  mountainous  countries  (where  sometimes  water  from  an     unattainable, 
elevated  source  is  brought  down  to  the  valleys  for  scouring  out  the 
soil  under  the  appellation  of  hydraulic  mining,  or  for  other  purposes),      see  page  373. 
to  obtain  a  column  of  water  1000  feet  high,  the  same  effect  is  arti- 
ficially produced  by  loading  a  plunger,  or  ram,  or  piston,  so  that  it  Pressure  produced 
presses  upon  the  water  in  the  small  pipe  connected  with  the  vessel  in 
which  the  power  is  required.     Bramah  effected  this  by  a  small  force-    By  force-pump, 
pump,  and  the  power  was  concentrated  in  the  larger  vessel — ^a  cylinder  ^^'  PuMps,>fl^6a3. 
with  a  moving  piston  or  ram — with  which  the  pump  was  connected 
by  a  pipe.     This  is  the  principle  of  the  hydraulic  press,  which  is  Hydraulic  presses, 
seldom  now  called  a  Bramah  press  ;   and  such  machines  are  generally       °^  ^^^  *  * 
used  for  giving  out  great  power  for  a  small  distance,  as  for  pressing 
oil  from  seeds,  packing  bales  of  cotton  or  hay,  or  for  working  "  lifting- 
jacks."     For  such  purposes,  pressures  of  from  2000  lbs.  to  6000  lbs.    usual  pressure, 
per  inch  are  most  usual.     The  app)arent  paradox  thus  presented,  of         Paradox 
small  force  transformed  into  great  force,  is  the  cause  of  the  mis-       o*^^**"*ol 

°  '  See  page  ^9S. 

apprehension  of  hydraulic  machines  before   alluded  to.      But   the 
apparent   multiplication   of   power — ^as  it  is  sometimes  erroneously 
considered — should  rather  be  termed  a  transmutation,  for  no  more  power  transmuted 
foot-pounds  of  energy  are  given  out  than  are  applied.      Thus,  if  the    "°*  *""  tiphed. 
piston  or  ram  of  a  hydraulic  cylinder  have  an  area  100  times  as  large 
as  the  pump-plunger  which  sui)plies  it,  the  force  produced,  though  concentration  of 
100  times  as  great,  will  be  exhausted  when  the  piston  has   moved  °"^*' 

only  Toiy  of  the  distance  traversed  by  the  plunger;  or,  stated  in 
another  way,  2240  foot-pounds  on  a  pump-plunger  will  give  out 
only  I  foot-ton  on  the  piston.  Thus,  it  is  easy  in  a  hydraulic  lifting- 
jack,  where  perhaps  it  may  be  desired  to  lift  10  tons  i  inch  high,  to 
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exert  by  a  succession  of  strokes  by  a  lever  on  a  plunger  \  inch 
diameter  the  1866  foot-pounds  which  is  the  equivalent.  Bramah 
was  hindered  for  a  long  time  in  bringing  his  invention  to  success  by 
the  difficulty  of  making  his  piston  or  ram  watertight  when  moving 
under  great  pressure ;  for  the  ordinary  hemp  packing  used  in  steam- 
cylinders,  where  the  pressure  is  much  less,  is  inadequate  for  pres- 
sures exceeding  1000  lbs. ;  and  he  succeeded,  through  the  happy 
discovery  that  leather  packing,  arranged  in  a  peculiar  way,  would 
allow  freedom  of  motion  and  yet  prevent  the  passing  or  escape  of 
water. 

Hydraulic  pressure  was,  for  many  years  after  Bramah's  time,  con- 
fined to  presses  where  great  force  was  only  required  to  be  concen- 
trated slowly ;  the  process  of  pumping,  to  accumulate  the  small  units 
of  force,  occupying  too  long  a  time  for  general  purposes,  unless  steam- 
engines  and  pumps  of  great  magnitude  were  provided,  the  expense  of 
which  would  outweigh  the  benefits  sought.  Armstrong's  invention  of 
the  Accumulator^  however,  overcame  this  difficulty,  and  opened  out  a 
wide  field  for  the  application  of  power  concentrated  and  transmitted 
by  water.  By  the  accumulator  system  the  pumps  A,  instead  of  forcing 
water  directly  into  a  press  cylinder  C,  are  applied  to  the  forcing  up 
of  a  loaded  plunger  B,  which,  in  pressing  upon*  the  water  pumped 
against  it,  acts  as  a  substitute  for  an  elevated  reservoir.  The  accumu- 
lator is  connected  also  with  the  machine  in  which  the  force  is  to  be 
utilised;  and  when  communication  is  open  between  them,  pressure 
from  the  falling  accumulator  is  instantaneously  conveyed  to  the 
machine,  and  so  far  as  its  own  stored-up  energy  will  allow,  completes 
the  desired  operation.  If,  for  instance,  a  certain  operation  has  to  be 
performed  twenty  times  per  hour,  lasting  each  time  half  a  minute,  which 
would  require  to  effect  it  in  that  short  time  a  pumping  engine  of  60 
horse-power,  an  engine  of  10  horse-power  continuously  employed  in 
raising  an  accumulator  will  store  up  the  total  energy  required  ;  or  if 
only  ten  times  per  hour,  an  engine  of  6  horbC-power  will  suffice.  Or, 
if,  instead  of  services  requiring  great  power,  numerous  small  opera- 
tions have  to  be  performed  at  irregular  intervals,  the  accumulator  has 
always  in  readiness  a  force  which  can  be  instantaneously  applied. 
The  additional  convenience  that  the  pov/er  can  be  conveyed  long 
distances — for  the  accumulator  and  pum ping-engine  may  be  situated 
a  mile  or  more  from  the  power-receiving  machine — greatly  increases 
the  usefulness  of  the  system,  as  is  exemplified  by  its  application  to 
the  working  of  cranes,  the  opening  of  dock-gates,  and  the  lifting  of 
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swing-bridges.     At  all  the  modem  docks  at  British  ports  and  at  all 
important  railway  goods  stations,  a  complete  system  of  transmis- 
sion is  established,  affording  conveniences  more  cheaply  and  con- 
veniently than  is  obtainable  by  any  other  means.     The  accumulator    Uiuai  oresture 
pressure  which  has  been  found  most  convenient  for  these  services  is       *"*''  °^*  ' 
about  700  lbs.  per  square  inch ;  equal  to  a  head  of  water  1600  feet 
high ;  this  pressure  affording  sufficient  power  through  the  medium      se«  cranbs, 
of  moderate-sized  machines,  and  yet  not  requiring  various  special        P^n'^y 
arrangements  which  pressures  above  1000  lbs.  would  involve.     But 
water  of   much  higher  pressure  can    be  conducted  with  perfect 
safety. 

The  accumulator  system  has  been  combined  with  that  adopted  in     Accumulator 
Switzerland,  of  conducting  high-pressure  water  through  the  public        ^supply!*" 
streets  for  sale  as  power.     When   the  public  water-supply  in  any 
town  is  already  available  as  power,  it  is  not  expedient  to  establish 
another  set  of  pipes  for  this  purpose ;  but  where  the  public  supply  is 
not  sufficient  in  quantity  or  pressure,  the  high  pressure  which  an 
accumulator  service  affords  offers  great  conveniences  in  the  smaller      Advantages 
and  cheaper  water-engines  required,  as  compared  with  such  engines 
worked  with  low-pressure  water.   This  application  of  the  accumulator       Examples, 
system  is  established  with  success  in  London,  Hull,  Liverpool,  and 
elsewhere,  where  water  of  700  lbs.  pressure  is  transmitted  in  pipes, 
the  power  being  sold  to  users  at  annual  rates  varying  according  to  the  fprices  charged, 
quantity  bought,  at  from  2x.  to  31.  per  1000  gallons,  and  equivalent  to 
from  id,  to  \\d,  for  every  100  foot-tons.     Thus,  in  London,  girders 
and  bridges  can  be  riveted  together  ///  situ  without  any  noise,  by 
portable  hydraulic   riveting  machines  deriving   power   from  steam 
pumps  two  miles  distant. 

For  working  machine-tools,  and  more  especially  portable  or  mov-  High  pressure  for 
able  machine-tools,  where  a  great  concentration  of  force  is  necessary,    "*"  »n«-too  ■• 
a  higher  pressure  than  that  usual  with  the  Armstrong  apparatus  is      see  Rivbting 
needed  to  allow  power-receiving  machines  of  moderate  size  to  be  ^^^^^^^^f*^s*  76a. 
used  :  and  accumulators  exerting  a  pressure  of  1500  lbs.  to  2000  lbs. 
per  inch  are  generally  employed.      For  many  other  purposes  for 
which  hydraulic  machines  are  used,  pressures  of  from  3000  to  8000 
lbs.  are  customary  ;  but  as  power  and  not  speed  is  the  object  in  view, 
the  pressure  is  generally  obtained  directly  from  the  pumps  without    Direct  pressure 
the  intervention  of  an  accumulator.     Where  a  low-pressure  system  is      ^^^  pumps, 
established  for  general  purposes,  the  force  can  be  concentrated  for 
special  machines ;  the  wonderful  facilities  which  water  affords  allowing 
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this  to  be  done  very  simply.  A  pressure  of  looo  lbs.  per  square  inch 
in  one  cylinder  A,  on  a  piston  having  an  area  of  too  square  inches, 
transmitted  by  a  piston-rod  to  a  second  cylinder  B,  called  an 
intensifier,  or  differential  accumulator  (the  piston-rod  acting  as  a 
plunger)  having  only  20  inches  area,  will  be  multiplied  five  times, 
and  water  of  5000  lbs.  pressure  per  square  inch  can  then  be  conveyed 
to  the  machine  that  needs  it.  Of  course  the  supply,  though  thus 
greater  in  intensity,  will  be  only  one-fifth  in  quantity  of  that  in  the 
first  cylinder ;  but  for  such  operations  as  testing  or  punching  iron,  or 
for  giving  a  final  squeeze  of  a  few  inches  to  a  bale,  power  and  not 
distance  is  the  object  in  view. 

The  non-compressibility  of  water,  by  which  many  of  the  more 
important  operations  of  hydraulic  machines  are  rendered  possible, 
and  which  allows  pressure  applied  to  one  end  of  a  column  of  water  or 
hydraulic  rod  to  be  given  out  at  the  other  and  distant  end,  with  but 
little  diminution,  is  a  cause  of  inconvenience  in  some  respects. 
Directly  the  pressure  from  the  original  source — ^gravity,  force-pumps, 
or  other — is  withdrawn,  the  water  is  powerless,  for  it  has  no  self- 
contained  or  elastic  force  of  its  own,  like  steam  or  compressed  air. 
In  a  steam-engine  or  compressed-air  engine,  the  supply  may  be  so 
cut  off"  or  adjusted  that  the  steam  or  air  will  expand  till  its  pressure  is 
but  little  greater  than  that  of  the  surrounding  atmosphere ;  and  ac- 
cording as  the  work  to  be  performed  is  great  or  small,  the  supply  is 
cut  off"  early  or  late,  so  that  as  little  as  possible  of  the  force  may  be 
wasted  ;  but  in  a  hydraulic  machine  the  pressure  must  be  maintained 
to  the  end,  and  if  applied  to  a  less  purpose  than  its  maximum  capacity, 
the  balance  of  power  is  wasted.  Thus,  if  a  hydraulic-crane,  capable 
of  lifting  I  ton,  is  used  for  lifting  5  cwt.,  three-fourths  of  the  power  is 
wasted  ;  while  in  a  steam  crane,  by  cutting  off"  the  supply  of  steam  at 
the  proper  moment,  the  expansive  force  can  be  more  nearly  pro- 
portioned to  the  end  in  view.  Improvements  have,  however,  been 
introduced  into  hydraulic  machines,  which  to  some  extent  meet  this 
disadvantage.  On  the  other  hand,  the  non-compressibility  of  water 
allows  a  pressure,  once  given,  to  be  maintained,  provided  the 
machine  is  in  good  order  so  as  to  prevent  leakage. 

In  theory,  the  pressure  which  may  be  conveyed  by  water  would 
seem  unlimited,  but  in  practice  the  limit  is  reached  at  a  point  much 
below  that  at  which  metals  would  be  actually  compressed.  Hydraulic 
machines  in  all  cases  require  good  material  and  workmanship,  but 
where  the  pressure  exceeds  6000  lbs.  to  the  inch,  the  liability  to 
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derangement  of  parts  rapidly  increases ;  and  although  by  using 
specially  made  machines,  higher  pressures  than  6000  lbs.  per  inch 
may  be  attained,  the  risk  of  packing-leathers  failing,  or  of  cylinders, 
pumps,  and  valves  bursting,  increases.  The  cylinders  of  hydraulic 
machines  subject  to  these  high  pressures  are  necessarily  made  of 
great  strength,  but  little  or  nothing  is  gained  by  increasing  the 
thickness  of  metal  beyond  5  inches,  as  the  metal  becomes  coarse 
and  allows  the  water  to  pass  through.  The  area  exposed,  and  the 
consequent  total  strain  upon  the  cylinder,  increase  with  the  diameter, 
and  therefore  small  cylinders  can  endure  greater  pressure  per  inch 
than  large  ones.  For  this  reason,  where  great  force  is  needed, 
numerous  small  cylinders  are  employed  instead  of  a  single  large  one. 
Steel  cylinders  are  frequently  used  for  hydraulic  presses,  and  steel, 
compressed  when  in  a  semi-molten  condition  by  Whitworth's  modem 
invention,  is  the  strongest  material  yet  discovered.  But  to  utilise  a 
strong  cylinder  to  the  utmost,  it  is  desirable  to  avoid  as  far  as  possible 
applying  the  maximum  pressure  to  the  valves,  pumps,  and  other 
small  parts  most  liable  to  derangement.  This  can  be  effected  in  a 
very  simple  way  by  the  intensifier  previously  described,  as  a  pipe 
may  be  taken  directly  from  the  high-pressure  end  of  the  apparatus 
to  the  press  cylinder,  without  the  intervention  of  valves  of  any  kind ; 
the  pumps  and  regulating  valves  being  all  at  the  low-pressure  end 
of  the  apparatus.  This  method  has  been  used  with  good  results  for 
the  final  compression  of  cotton  bales,  where  great  density  is  desired. 
The  great  majority  of  hydraulic  machines  are,  however,  worked  at 
moderate  pressures,  and  are  not  subject  to  the  above  risks. 

One  difficulty  connected  with  the  transmission  of  power  by  water 
is  the  risk  of  the  pipes  freezing  up  during  frost.  This  may  be  prevented 
by  keeping  the  water  in  circulation  or,  where  the  quantity  is  small 
and  little  is  lost,  by  mixing  glycerine  or  alcohol  with  the  water.  Oil 
is,  under  special  circumstances  and  in  small  machines,  used  instead  of 
water  :  it  works  equally  well,  and  has  the  advantage  of  lubricating  the 
parts  with  which  it  comes  in  contact. 

In  conclusion,  it  may  be  said  summarily  that  power  may  be  con- 
veniently transmitted  by  water — 

(i)  Where  the  power  is  needed  at  long  or  irregular  intervals. 

(2)  Where  the  distance  is  too  great  for  steam-pipes  or  shafting. 

(3)  Where  power,  centrally  situated,  is  to  be  distributed  ;  where  it 
is  required  for  direct  and  not  for  rotary  motion;  and  where  the 
exhaust  water  can  be  easily  disposed  of. 
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(4)  Where  very  small  forces  can  only  be  utilised  by  accumulating 
them — as  is  instanced  by  wind  applied  to  the  pumping  water  into  a 
reservoir  for  use  afterwards  as  hydraulic  power. 

(5)  Wliere  great  power  is  to  be  concentrated,  either  for  such 
purposes  as  the  packing  of  bales  or  for  application  at  different 
points,  as  in  the  cranes  at  docks  and  railway  stations;  or  for 
hydraulic  tools. 


Transmission  by 
compressed  air. 


Pneumatic  beU  a 
simple  example. 

Air  column  or  rod. 

See 
Hydkaolic  Rods. 
Page^. 


Pneumatic 
liquid-ejector. 


Used  for  sewrage 
or  chemicals. 


The  Monte-jus. 

As  in  Paris. 

Seepage  soo. 

Raising  of 

excavated  mud 

from  an 

air  caisson. 


See  Bridge  Piers, 
pi^et  140  4*  843. 


Postal  telegraph 
tubes. 


Seepage  97. 


Compressed  Air  may  be  either  used  as  a  transmitter  for  giving  out 
directly  at  one  end  of  a  tube  the  force  applied  to  it  at  the  other,  or  it 
may  be  used  for  storing  up  and  transmitting  concentrated  forces.  The 
pneumatic  bell  is  an  example  of  the  first  and  simplest  method — a  slight 
compression  of  the  air  at  one  end  of  a  tube  giving  out  at  the  other  a 
similar  force.  The  column  of  air  (like  the  "  hydraulic  rod  "  described 
un  ier  the  head  of  water  transmission)  may  be  compared  to  a  connect- 
ing-rod, with  the  advantage  over  the  solid  rod,  that  the  power  may 
be  transmitted  by  tortuous  routes  and  for  longer  distances,  without 
intermediate  mechanism  of  any  kind.  Another  instance  of  direct 
transmission  of  power  by  compressed  air  is  afforded  by  the  pneumatic 
"  liquid-ejector,"  in  which  air,  forced  into  a  closed  vessel  and  pressing 
upon  the  surface  of  the  liquid,  forces  it  up  a  discharge  pipe.  This 
method  has,  for  instance,  been  applied  to  the  lifting  of  sewage  in 
low-lying  districts.  Apparatus  of  this  kind  is  used  instead  of  pumps 
sometimes,  at  chemical  works,  for  raising  liquids  or  semi-liquids 
which  would  injuriously  affect  the  parts  of  ordinary  pumps.  In 
sugar-refineries,  also,  the  machine  known  as  a  ^^ Monte-Jus"  is  an 
application  of  the  same  principle.  In  Paris,  cesspools  are  emptied 
by  means  of  the  air  mains  which  traverse  the  streets.  This  method 
of  forcing  upwards  by  a  surface  pressure  is  also  shown  clearly  in 
subaqueous  pier-sinking;  for  when  it  is  desired  in  a  submerged 
diving-bell  or  caisson  resting  upon  the  ground,  to  raise  the  excavated 
mud  or  gravel,  it  is  only  necessary  to  establish  by  a  vertical  pipe 
open  at  top  and  bottom,  communication  with  the  free  air  above, 
and  then  any  loose  substance  heaped  up  round  the  lower  orifice 
of  the  pipe  will  be  forced  upwards  by  the  air-pressure  in  the  caisson 
derived  from  the  pumps  above. 

The  pneumatic  tubes  used  in  connection  with  the  postal  telegraphs 
afford  another  example  of  the  simpler  method ;  but  in  these  tubes 
the  power,  instead  of  being  transmitted  to  a  fixed  apparatus,  as  in  a 
pneumatic  bell,  is  utilised  for  conveying  objects  from  one  end  of  the 
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tube  to  the  other.  It  has  been  found  more  convenient  in  large  towns, 
to  transmit  messages  in  writing  from  the  various  receiving  offices  to 
the  central  station  than  by  electric-wire  signalling.  Tubes  of  lead 
about  3^  inches  internal  diameter,  encased  in  iron  pipes,  are  laid 
beneath  the  paved  foot-ways,  and  within  these  tubes  cylindrical  carriers 
or  pellets  of  gutta-percha  covered  with  drugget,  containing  written 
messages,  are  propelled  by  pneumatic  pressure.  The  distance  is 
seldom  more  than  one  mile,  although  this  could  be  exceeded  if  neces- 
sary. The  system  is  applied  in  all  the  principal  cities  of  Great 
Britain  as  well  as  in  Paris,  Vienna,  and  Berlin.  In  the  latter  city, 
the  tubes  are  utilised  also  for  a  special  express  postal  service  of  letters, 
which,  though  less  speedy  than  the  electric  telegraph,  is  quicker  than 
the  ordinary  post.  On  a  larger  scale,  the  same  system  was  about 
i860  applied  in  London  to  the  conveyance  of  large  packages  from  a 
central  office  to  one  of  the  railway  stations.  In  this  case  the  tube 
was  of  iron,  in  shape  like  a  tunnel  or  horse-shoe,  4  feet  high  and  4  feet 
6  inches  wide,  and  within  the  tube,  running  upon  rails,  was  a  carrier 
or  waggon,  provided  with  a  disc  or  shield,  fitting  with  enough  tight- 
ness to  the  tube  to  act  as  a  piston.  A  pressure  of  4  or  5  oz.  ]>er 
square  inch  on  the  piston  was  sufficient  to  propel  the  truck.  The 
system  worked  successfully,  but  has  not  been  maintained  or  extended 
as  was  expected ;  the  want  of  concord  and  co-operation  among  the 
various  local  authorities,  and  difficulties  connected  with  the  laying  of 
the  tubes  in  the  public  streets,  being  the  chief  retarding  causes. 
Atmospheric  pressure  was  tried  in  the  earlier  days  of  railway  working, 
as  a  substitute  for  steam  in  the  propelling  of  trains,  but  was  found  to 
cost  more  and  to  be  less  effective. 

The  most  important  application  of  air  for  conveying  power,  is  that 
by  which  force  is  first  concentrated,  and  then  conveyed  to  the  power- 
receiving  machine.  By  special  machines  known  as  air  compressors, 
to  which  power  is  applied  from  a  steam-engine  or  other  motor,  air  is 
compressed  to  a  density  considerably  greater  than  that  of  the  atmo- 
sphere ;  it  can  then  be  stored  in  closed  reservoirs  or  portable  vessels,  or 
conveyed  long  distances  in  pipes,  and  applied  to  motors  or  machines 
of  various  kinds  very  much  in  the  same  way  as  steam,  for,  like  steam, 
it  is  by  the  expansion  or  the  release  of  elastic  force  that  the  power  is 
given  out.  Considerable  loss  of  power  is  incurred  in  the  compression 
of  air  and  in  its  application ;  and  it  is  obvious  that  there  must  be 
grave  reasons  to  justify  such  a  transmutation  of  already  existing 
motive  force :  these  will  be  presently  referred  to. 
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CompresBion  force         In  the  Compression  of  air,  much  of  the  force  applied  is  absorbed 

^vaated  in  heat.      .  .  ii«i-jv 

m  the  production  of  heat,  which  not  only  cannot  be  uhlised,  but 
increases  the  resistance ;  and,  if  not  counteracted,  renders  an  unprofit- 
ably  slow  speed  necessary,  involving  a  larger  proportion  of  piston 
leakage  than  would  accompany  a  greater  speed.  The  attention- 
given  to  the  subject  as  the  usefulness  of  compressed  air  became 
apparent,  and  the  greater  knowledge  acquired  of  all  the  working 

Improvements  in    parts,  have  led  to  improvements  which  have  greatly  lessened  the  heat 

and  leakage,  and  the  proportion  of  available  force  obtained  from  a 
given  expenditure  of  power  has  been  greatly  increased.  Probably 
70  per  cent,  is  the  maximum.     But  there  are  further  losses  in  the 

Little  loss  during    transmission  and  application.     The  passage  of  the  compressed  air 

transmiMion.  ...  r         &  \.       re    • 

through  pipes  involves  very  little  loss  if  the  pipes  are  of  sufficient 
diameter  and  properly  jointed,  and  not  too  high  a  velocity  is 
attempted  ;  for  though  much  air  may  be  wasted  by  leakage  through 
imperfect  jointing,  the  friction  of  air  in  pipes  is  much  less  than  that 
Loaa  from  friction  of  water.     For  mere  transmission  of  gross  power  in  a  direct  line,  the 

and  leakage.  .,      /•  1  i 

loss  need  not  be  more  than  3  per  cent,  per  mile  (m  some  notable 
cases  it  has  been  less),  and  though  the  friction  increases  somewhat 
if  numerous  bends  or  regulating  valves  occur  at  the  places  of  dis- 
tribution, the  loss  when  it  occurs,  arises  principally  from  leakage, 
Leakage  not       which  is  preventable  by  proper  care.     Leakage  of  air  is  not  so  apparent 

always  apparent.  .      ,     ^  ^  ^  ,     ,  r  , 

as  IS  the  escape  of  steam,  water,  or  gas,  and  therefore  more  watch- 
fulness is  necessary  to  detect  it ;  but  by  applying  soap  and  water  to 
suspected   places,  the   leakage  will   be  evident   from  the   bubbles. 
^■•.       ,    A    further   and   more   serious   loss  has   to  be   incurred  when    the 

in  application  of 

air  pressure.       comprcssed  air  reaches  the  machine  in  which  it  is  to  be  applied ; 

for,  like  steam,  compressed  air  cannot  within  the  compass  of  an 
ordinary  machine  be  allowed  space  to  expand  to  the  atmospheric 
Expansive  force  rarity  which  alone  would  enable  it  to  give  back  all  its  accumu- 
lated force;  but,  after  having  bestowed  its  high  pressure  on  the 
piston  of  the  machine  it  escapes,  and  so  wastes  the  remainder  of  its 
force.  The  air,  when  it  has  expanded  in  doing  work,  is  so  cold  at 
the  place  of  exhaust  that  it  may  be  utilised  for  refrigerating,  and 
its  value  in  this  respect,  a  by-product  so  to  speak,  may  go  far  in 
certain  cases  to  justify  its  use.  The  effective  force  of  the  air  may  be 
increased  by  heating  it  before  it  is  applied  to  work,  a  small  fire 
or  even  a  lamp  adding  to  the  efficiency.  In  this  case  the  full 
effect  of  the  heat  is  obtained  without  the  great  loss  which  attends 
sttpagesi^.        the  application  of  heat  through   the   medium    of   a   steam-engine, 
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and  such  heating  reduces  the  risk  of  excessive  cold  or  freezing  at 
the  exhaust. 

Just  as  high-pressure  steam  has  been  found  profitable  because  of 
the  margin  for  expansion  which  it  affords,  so  high-pressure  air — if  the 
difficulties  in  providing  it  be  overcome — would  allow  economy  by 
expansive  working.  But  not  only  is  it  impossible  to  give  to  the 
machine  all  the  power  which  was  originally  needed  to  compress  the 
air,  but  the  mechanism  of  the  machine  can  only  utilise,  according 
to  its  kind  and  construction,  from  60  per  cent,  to  80  per  cent,  of  the 
force  it  receives.  Assuming  that  ordinary  care  be  used  in  the 
arrangement  and  use  of  the  apparatus,  the  final  expression  of  force 
or  work  done  in  the  machines  usually  worked  by  air  pressure  is 
found,  owing  to  the  losses  which  occur  in  compression,  transmission, 
and  application,  above  described,  only  to  equal,  in  the  case  of  machines 
receiving  upwards  of  5  H.P.,  from  30  per  cent  to  45  per  cent,  of  the 
original  power  which  was  expended  in  compressing  the  air,  and  in 
smaller  machines  only  from  20  to  30  per  cent.  The  higher  effect  is 
obtained  where  the  air  is,  as  already  stated,  heated  before  using,  and 
the  cost  of  this  heating  must  be  taken  into  account. 

The  actual  loss  in  working  in  any  particular  case  depends  partly 
on  the  purpose  to  which  the  compressed  air  is  supplied.  For 
instance,  applied  as  in  the  ejectors  before  referred  to,  directly 
on  the  surface  of  a  liquid  to  be  lifted,  or  even  if  used  for 
giving  power  to  a  slowly-moving  pumping-engine,  arrangements  are 
possible  for  regulating  the  supply  and  expansion  of  the  air  which 
would  not  be  feasible  in  a  small,  quickly-working  rock-drill. 

In  this  respect  the  conditions  and  the  comparison  to  be  made 
would  much  resemble  those  which  apply  when  steam  is  used  for 
such  dissimilar  purposes.  It  must  be  borne  in  mind,  however, 
that  loss  is  always  incurred  in  the  distribution  and  application  of 
power,  and  it  has  to  be  seen  in  each  case  whether  the  conveniences 
obtained  outweigh  the  loss.  For  instance,  small  steam-engines 
worked  intermittently  are  extremely  useful  and  remunerative,  even 
though  they  consume  10  lbs.  or  even  15  lbs.  of  coal  per  effective 
horse-power  per  hour,  as  against  the  3  lbs.  per  hour  which  a  large, 
well-managed,  and  constantly-working  engine  will  consume.  And  if 
such  an  economical  steam-engine  be  applied  to  the  compression  of  air, 
which  is  then  distributed  in  various  directions  to  numerous  small 
machines,  even  the  great  loss  above  described  will  express  only  a 
consumi)tion    of  12   lbs.  for  each  effective   horse-power.      This  will 
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Still  leave  an  enormous  gain  in  favour  of  the  compressed  air  as  com- 
pared with  the  cost  of  hand-labour,  or  even  with  steam-power  con- 
veyed and  distributed  considerable  distances  by  shafting  and  belting. 
Electric  transmission  is  in  such  cases  the  competing  method. 

Public  companies  have  been  established  for  the  transmission  and 
sale  of  compressed  air  as  power,  but  the  results  obtained  in  Paris, 
Birmingham,  and  elsewhere  do  not  encourage  any  wide  extension  of 
the  system.  In  large  cities  there  are  numerous  small  industries 
where  motors  of  from  i  to  lo  H.P.  are  required,  and  where  it  is 
inconvenient  and  expensive  to  have  steam-engines,  and  where  even 
gas-engines  have  some  disadvantages.  Power  transmitted  by  com- 
pressed air  may  be  extremely  convenient  in  such  cases  if  it  can  be 
sold  at  prices  profitable  alike  to  the  producer  and  consumer,  but  this 
would  seldom  occur  except  where,  as  in  large  cities,  numerous  con- 
sumers repay  the  great  cost  of  installation.  The  alternative  of 
transmission  by  electricity  would  in  the  vast  majority  of  cases  prove 
more  advantageous.  For  small  local  motors  and  for  continuous 
rotary  machines,  the  elastic  or  expansive  force  of  compressed  air 
gives  it  an  advantage  over  pressure  water,  but  for  intermittent 
and  direct-acting  operations  such  as  hoists,  cranes,  and  presses,  water 
will  generally  be  found  best,  although  of  course,  if  the  air  system  has 
been  established  for  the  more  appropriate  services,  it  can  be  used  for 
the  latter  also.  The  lower  pressure  of  the  air,  generally  not  exceed- 
ing one-tenth  of  the  usual  water  pressure,  renders  large  cylinders 
necessary.  On  the  other  hand,  the  velocity  of  the  elastic  compressed 
air  is  greater  than  that  of  water,  so  that  distributing  pipes  need  not 
be  so  large  as  would  be  required  for  water  of  similar  low  pressure. 

In  Paris  the  system  authorised  in  1881  was,  on  a  small  scale,  for 
giving  motion  to  pneumatic  clocks,  which,  as  they  took  power  from 
a  central  motor,  had  a  synchronic  action.  In  1886  an  extension  of 
this  system  was  authorised  for  transmitting  power  by  compressed  air 
for  industrial  uses  of  all  kinds,  the  municipality  claiming  a  share  of 
the  profits  after  a  certain  percentage  was  paid  in  dividends.  The 
air  is  compressed  to  85  lbs.  per  square  inch,  is  stored  in  reservoirs  of 
about  1000  cubic  feet  capacity,  and  is  conducted  in  numerous  cast- 
iron  mains  12  inches  diameter  to  the  various  districts,  where  it  is 
distributed  in  small  lead  pipes  to  users.  A  large  number  of  small 
industries  take  less  than  i  H.P.  each,  and  from  this  up  to  100  H.P. 
for  tramways  and  other  purposes,  the  total  force  available  being 
3000  H.P. 
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Water-power  is  often  situated  near  mines  or  places  where  com- 
pressed air  is  needed  ;  and  such  power,  developed  at  its  source  by  a 
water-wheel  or  turbine,  may  be  cheaply  conveyed  for  many  miles  in 
pipes,  and  in  many  such  cases  where  the  power  is  abundant,  the  loss 
in  transmutation  which  has  been  referred  to  is  of  little  or  no  conse- 
quence. Notable  instances  of  sucii  transmission  are  afforded  by  the 
works  of  the  Mount  Cenis,  St.  Gothard,  and  Hoosac  (Massachusetts) 
tunnels,  where  power  has  been  conveyed  from  2  to  5  miles  by 
compressed  air. 

Such  transmission  of  power  finds  its  chief  and  most  legitimate 
application  in  mining  and  tunnelling  operations ;  in  mining,  for 
underground  hauling  engines,  pumps,  and  coal-getting  machines ;  in 
tunnelling,  for  rock-drills  and  locomotives.  The  work  of  a  rock-drill 
is  performed  by  a  rapid  succession  of  blows,  for  which  a  highly  elastic 
force  like  steam  or  compressed  air  is  well  suited.  Steam  is  generally 
used  where  the  drills  work  in  an  open  quarry  or  cutting  to  which 
a  boiler  can  be  brought  sufficiently  near,  and  in  a  tunnel  also,  if  within 
20  feet  of  the  open  face ;  for  in  such  situations  the  exhaust  steam  need 
cause  no  inconvenience.  But  steam  is  almost  unendurable  in  mines 
and  tunnels  ;  while  air,  besides  conveying  power,  has  the  great  advan- 
tage of  ventilating  and  cooling  the  place  where  it  is  used.  This  would 
alone  justify  its  use  in  mines,  even  if  circumstances  did  not  there  for- 
bid other  methods.  In  tunnelling,  where  holes  are  drilled  for  insert- 
ing the  blasting  charge,  the  atmosphere  is  so  foul  after  each  explosion 
of  gunpowder  or  dynamite  that  the  workmen  cannot  enter  sometimes 
for  one  or  two  hours.  Where,  however,  the  rock-drills  are  worked 
by  compressed  air,  the  atmosphere  can  be  purified  and  cooled  in  a 
few  minutes.  In  badly-ventilated  mines,  the  air  compressors  are 
often  kept  at  work  for  ventilating  purposes  only ;  the  air  so  supplied 
having  more  local  effect  than  that  from  ordinary  ventilating  fans. 
The  air  in  deep  or  imperfectly  ventilated  mines  is  often  hot  and  op- 
pressive, and  the  miners  cannot  work  to  advantage.  In  such  circum- 
stances a  supply  of  cool  and  dry  air  from  the  compressors  will  greatly 
increase  their  energy  and  capacity.  In  cases  where  air,  compressed 
on  the  surface,  is  taken  down  into  a  deep  mine,  the  weight  of  the 
column  of  compressed  air  (which  is  heavier  than  the  outer  air),  and 
the  expansive  force  added  to  the  air  by  the  higher  temperature  of  the 
mine,  not  only  compensates  for  the  loss  by  friction,  but  renders  the 
pressure  at  the  place  of  discharge  greater  than  that  at  the  compressor. 
Where  compressed  air  has  been  introduced  into  a  mine,  it  has  even 
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been  applied  to  winding  or  pumping  engines  previously  worked  by 
steam ;  the  boiler  being  utilisjed  as  an  air-container  or  reservoir. 
But  where  the  cooling  and  ventilating  just  referred  to  are  of  no 
advantage,  then  the  laying  of  electric  conductors  would  generally  be 
found  easier  and  cheaper  than  the  laying  of  air  pipes. 

Compressed  air  is  sometimes  used  for  working  portable  riveting 
machines,  to  which  the  power  may  be  conveyed  considerable  distances 
in  pipes  and  flexible  tubes.  Compressed  air  is  also  used  for  working 
the  brakes  of  railway  trains,  the  power  of  the  locomotive  being 
utilised  for  compressing  the  air,  which  is  then  transmitted  along  the 
train  in  tubes  to  successive  carriages,  under  each  of  which  is  fixed  a 
container  or  store  vessel  for  supplying  as  needed  a  cylinder  with 
moving  piston  connected  with  the  brake.  The  vacuum  brake  is  an 
inversion  of  this  plan,  a  pump  on  the  engine  exhausting  the  air  in  the 
brake  cylinders,  the  pistons  then  being  moved  by  the  pressure  of  the 
atmosphere. 

Compressed  air  is  used  in  subaqueous  operations  for  supplying  air 
to  a  diver  in  helmet  and  dress,  or  to  a  rock-drill  which  the  diver 
works ;  for  the  diving  bell ;  for  the  sinking  of  pier  cylinders ;  for 
supplying  submerged  caissons ;  and  for  raising  sunken  vessels ; 
the  air  pump  or  air  compressor  in  these  cases  being  indispensable. 
Compressed  air  has  the  advantage  over  either  steam  or  water,  that  it 
is  portable  and  can  be  conveyed  in  a  detatched  vessel  long  distances 
from  the  source  of  power,  but  the  trouble  and  expense  involved  in 
doing  this  forbids  such  a  use  of  compressed  air  except  in  rare 
cases.  Thus  compressed  air  has  been  used  successfully  for  propel- 
ling tram-cars,  the  air  being  stored  in  a  reservoir  on  the  car  and  heated 
by  a  small  stove  before  entering  the  cylinder  of  the  motor.  For  this 
purpose  it  is  rarely  so  advantageous  as  electricity,  but  it  compares 
better  for  locomotives  in  mines,  and  for  submerged  torpedo  missiles. 
It  is  obvious  that  high-pressure  water  is  useless  in  cases  of  this  sort, 
for,  having  no  self-contained  elasticity  or  force,  its  power  is  at  an 
end  directly  it  begins  to  work,  if  communication  with  the  source  be 
cut  off.  One  of  the  difficulties  in  working  engines  with  compressed 
air  stored  in  a  detached  container,  arises  from  the  continuous  dilation 
which  goes  on  as  the  air  expands  or  diminishes ;  special  arrange- 
ments being  necessary  to  maintain  in  the  machine  a  constant  power 
like  that  which  is  aftbrded  by  the  continually  replenished  supply  of 
steam  from  a  boiler.  The  difficulty  is  generally  met  by  interposing 
what  is  called  a  diminishing  or  reducing  valve  between  the  air  reser- 
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voir  and  the  cylinder,  so  as  to  bring  the  air  to  a  uniform  pressure 
before  it  is  applied,  or  by  variable  cut-off  valves. 

Air  compressors,  for  working  by  belt  or  gearing,  and  therefore 
without  steam  cylinder,  cost  from  ;£^3o  to  ;^300,  and,  if  fitted  with 
steam  cylinders,  about  one-third  more;  the  boilers  necessary  for 
machines  of  these  sizes  ranging  from  5  to  25  horse-power.  An 
ordinary  portable  engine  will  give  power  to  a  detached  compressor  by 
a  belt  from  the  fly-wheel ;  while,  if  the  compressor  be  complete  with 
steam  cylinder,  the  power  may  be  obtained  by  a  steam-pipe  from  the 
engine  boiler.  Air  compressors  of  this  kind  are  suitable  for  working 
one  or  numerous  rock-drills,  and  for  pumping-engines  of  small 
size  j  but  for  permanent  pumping-engines,  or  for  supplying  air 
caissons  of  considerable  volume,  or  for  any  work  on  a  large  scale, 
a  powerful  compressor,  complete  with  steam  cylinder  and  boilers, 
would  cost  from  ;£'iooo  to  ;^2ooo. 

The  measure  usually  adopted  for  stating  the  air  pressure  is  that 
of  the  atmosphere ;  compression  to  two  atmospheres  (about  30  lbs. 
per  inch)  or  three  atmospheres  denoting  the  density.  But  the 
effective  or  working  pressure  is  one  atmosphere  less  than  the  gross 
force  so  stated,  as  there  must  of  course  be  deducted  the  ordinary 
pressure  of  the  outer  air  which  is  opposed  to  an  advancing  piston 
(unless  a  vacuum  be  artificially  created),  and,  if  working  under  water, 
a  still  greater  resisting  pressure.  In  blowing-engines  for  blast- 
furnaces, the  effective  pressure  is  from  3  lbs.  to  5  lbs.  per  inch  ;  the 
blast  for  a  Bessemer  steel-converter  is  about  30  lbs. ;  for  rock- 
drills  and  coal-getting  machines,  30  to  50  lbs. ;  for  air-brakes,  50  to 
70  lbs. ;  and  for  pneumatic  telegraph  or  postal  tubes,  10  to  12  lbs. 
Where  compressed  air  has  to  be  stored  in  a  detached  or  portable 
vessel,  as,  for  instance,  for  use  in  an  underground  locomotive,  or 
torpedo,  much  higher  pressures  are  attained ;  from  500  to  2000  lbs. 
per  inch  being  usual  limits  for  these  purposes.  Air  compressors 
and  accessories  of  a  special  kind  are  then  needed,  which  are  not 
adapted  for  supplying  advantageously  air  of  such  density  for  long 
distances. 

For  subaqueous  work,  for  supplying  divers,  either  in  the  helmet 
or  in  the  bell,  the  air  pressure  is  not  regulated  as  in  the  rock-drill 
by  the  force  which  it  is  necessary  to  give  to  a  machine-tool,  but 
has  to  be  exactly  proportioned  to  the  depth,  or  head,  or  pressure  of 
water  to  be  overcome.  In  tidal  waters  the  pressure  may  have  to  be 
varied  from  hour  to  hour. 


Prices  of 
air  compressors. 

With  and  without 
steam-engine. 


See  PORTAULB 

Engines,  page  593. 


Pressure,  how 
measured. 
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for  various 

purposes. 


High  pressure. 


Subaqueous  work. 


See  alio  f^agei  173  6* 
841. 
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In  allotting  to  EUffricity  its  proper  place  among  the  various 
other  systems  described  in  this  chapter,  the  advantages  it  aflfords  for 
Transmission  are  to  a  considerable  extent  separate  from  those  where 
Distribution  of  power  is  the  object  in  view.  Starting  from  the 
original  motor  by  which  some  natural  source  of  power  is  developed, 
such  as  fuel,  by  means  of  a  steam-engine  or  gas-engine,  or  the  gravity 
force  of  water  by  a  turbine  or  wheel,  the  transmutation  into  elec- 
tricity must  involve  some  loss.  For  the  purposes  of  the  mechanical 
engineer  it  may  be  said  that  of  the  net  energy  given  out  by  any 
one  of  such  original  motors  to  the  electro-generator,  70  to  90  per 
cent,  may  be  recovered  from  the  electro-motor  at  the  place  to 
which  it  has  been  transmitted,  if  the  losses  by  leakage  and  the 
resistance  of  the  conductor  are  left  out  of  question.  That  is  to  say, 
if  the  electro-generator  and  the  electro-motor  which  gives  out  the 
force  were  placed  only  20  yards  apart,  70  per  cent,  may  be  re- 
covered from  small  motors  of  5  horse-power,  and — the  loss  becoming 
less  with  larger  machines — 90  per  cent,  may  be  reckoned  on  with 
motors  of  100  horse-power  and  upwards  working  at  full  load. 

The  losses  by  leakage  may  be  almost  entirely  prevented  even 
with  high  voltages  by  the  careful  use  of  known  means  of  insulation, 
and  may  be  disregarded,  although  the  cost  of  such  insulation  may 
form  an  important  part  of  the  total  outlay.  The  losses  due  to  the 
resistance  of  the  conductor,  which  are  those  which  really  limit  electric 
transmission,  depend  first  on  the  specific  conductivity  of  the  material 
employed,  secondly  on  the  sufficiency  of  its  sectional  area  or  size  for 
transmitting  current  of  a  given  volume  and  pressure,  and  thirdly  on 
the  distance  traversed.  The  transmitting  capacity  of  a  conductor  with 
a  given  loss  and  of  given  diameter  or  area  increases  as  the  square  of 
increase  in  the  current  pressure  or  voltage,  and  from  these  data  the 
weight  and  cost  of  copper  conductors  may  be  calculated,  as  well  as  the 
limits  of  distance  to  which  the  electric  current  may  be  transmitted 
with  advantage.  Within  a  small  area,  as  in  or  about  a  factory,  where 
the  distance  never  exceeds  400  ft.,  an  electric  pressure  as  low  as  50 
volts  would  suflice,  as  the  weight  and  cost  of  copper  to  transmit  even 
100  horse-power  would  be  of  small  account.  If  greater  voltage  is 
adopted  in  such  a  case,  it  need  only  be  for  such  secondary  reasons 
as  the  suitability  of  any  particular  voltage  for  lighting  in  lamps  of 
a  given  standard,  or  to  accord  with  customary  fittings.  In  practice 
a  less  voltage  than  100  is  seldom  adopted.  Up  to  half  a  mile,  trans- 
mission is  still  economically  possible  by  a  low-tension  current,  say, 
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Advantage  of 
high  voltafc. 


of  from  200  to  500  volts,  but  as  this  distance  is  exceeded  the 
importance  of  high  voltage  rapidly  increases.  As  an  example — to 
transmit  45  horse-power  to  the  far  end  of  a  line  5  miles  long,  at  a 
pressure  of  1000  volts,  and  with  a  loss  of  only  10  per  cent.,  a  copper 
conductor  of  0*122  square  inch  sectional  area  would  be  required, 
weighing  for  the  double  line  11  tons,  which,  with  copper  at  ^£^70  per 
ton,  would  cost  jQlt^*  ^^  ^^^  voltage  were  only  500,  the  volume  of 
current  would  have  to  be  doubled,  and  allowing  the  same  percentage 
of  loss,  the  sectional  area  of  the  conductor  would  have  to  be  increased 
fourfold  to  0*488  square  inch,  weighing  44  tons  and  costing  ;;^3o8o. 
But  if,  instead  of  a  lower  voltage,  a  high  one  of  2000  volts  be  used, 
the  current  might  be  halved,  and  the  conductor  be  one-fourth  the 
sectional  area  of  the  first  example,  or  2  J  tons,  costing  ^^192.  Where 
the  original  power  is  abundant  and  cheap  a  greater  loss  than  10  per 
cent,  may  be  afforded,  but  the  cost  of  the  generating  plant  is  then 
greater,  namely,  in  proportion  to  the  gross  power  produced. 

Many  of  the  schemes  for  electric  transmission  are  for  much  longer 
distances  than  5  miles,  there  being  numerous  examples  available  of 
distances  between  5  and  20  miles,  and  the  importance  of  high  voltage 
increases  accordingly.  Thus,  to  transmit  5000  horse-power  10  miles 
with  a  loss  of  only  30  per  cent,  by  resistance,  with  a  pressure  of 
only  2000  volts,  the  conductor  must  have  a  sectional  area  of  2  *  5 
square  inches,  weighing  450  tons,  for  the  10  miles,  and  costing  for 
copper  alone  ;;f  32,000.  This  would  probably  be  prohibitive.  But 
with  a  pressure  of  10,000  volts,  only  0*1  square  inch  of  sectional  10,000  voiu  Mvinc 
area  would  be  required ;  the  conductor  would  weigh  18  tons  for  the 
10  miles,  and  cost  only  ^1280.  If,  however,  it  be  attempted  to 
transmit  power  50  miles  by  the  same  pressure  of  10,000  volts,  and 
with  a  loss  of  only  30  per  cent,  the  conductor  would  weigh  about 
9  tons  per  mile.  This  at  ^70  a  ton  would  involve  a  cost  for  copper 
alone  of  ^£"63 7  per  mile,  a  prohibitive  expenditure  in  the  majority  of 
cases.  If,  however,  20,000  volts  were  feasible  and  permitted,  the 
weight  and  cost  of  copper  would  only  be  one-fourth  of  the  above. 
The  lower  weights  given  above  for  high  voltages,  while  theoretically 
correct,  would  need  addition  to  allow  for  leakage  and  deterioration. 
It  must  be  noted,  moreover,  in  regard  to  all  the  above  examples, 
that  the  total  cost  depends  not  only  on  the  weight  of  copper,  as 
determined  by  the  voltage  and  the  distance,  but  also  on  the  system 
of  insulation  adopted.  Long-distance  transmission  is  economi- 
cally feasible  only  where  naked  conductors  on  overhead  poles  are 
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permitted.  Insulation  is  then  only  necessary  at  the  supports,  where 
leakage  can  be  prevented  at  moderate  cost  by  the  use  of  specially 
constructed  insulators.  But  where,  as  in  cities  or  on  unfenced  land, 
it  is  required  that  conductor  cables  insulated  along  their  whole  length 
shall  be  used,  such  insulation  would  cost  more  than  the  copper  for 
any  but  very  low  tension  currents,  for  while  the  weight  of  copper  per 
mile  decreases  as  the  voltage  is  increased,  the  difficulty  and  cost  of 
insulation  become  greater. 

Projects  for  utilising  at  a  distance  the  force  of  water  are  fascinat- 
ing, but  the  cost  of  the  necessary  works,  such  as  dams,  reservoirs, 
conduits,  or  other  local  adaptations,  and  the  restrictions  regarding  the 
right  of  way,  are  generally  very  considerable,  and  may  entirely  out- 
weigh the  expected  gain.  The  supply  of  cheap  power  is  only  one  of 
many  conditions  that  are  necessary  to  the  establishment  of  factories, 
and  will  not  alone  ensure  success.  Moreover,  if  the  supply  of  power 
is  liable  to  reduction  in  dry  seasons,  the  cost  of  supplementary  steam- 
power  for  such  periods  may  go  far  to  negative  the  apparent  advan- 
tage. A  favourable  example  of  continuous  power  is  afforded  by 
Niagara,  where  also  there  is  within  a  radius  of  25  miles  a  great 
demand  for  the  power,  and  similarly  by  other  of  the  great  waterfalls 
in  different  countries.  Examples  of  another  kind  are  seen  in 
countries  like  Switzerland  and  Norway,  where  coal  has  to  be  im- 
ported. In  both  these  cases  electrical  power  is  transmissible  with 
advantage  up  to  20  miles,  and  even  up  to  50  miles  if  high  voltage 
and  overhead  conductors  are  allowed,  and  if  the  demand  is  so  con- 
siderable as  to  repay  the  great  cost  involved.  On  the  other  hand, 
in  countries  like  Great  Britain,  where  coal  is  abundant  at  moderate 
cost,  and  where  the  use  of  high  voltage  conductors  for  long  distances 
is  restricted,  it  would  be  cheaper  to  carry  the  coal  by  railway  to 
the  place  where  the  power  was  required,  or  possibly  still  cheaper 
for  distances  up  to  50  miles — if  way-leave  for  the  pipes  were  obtain- 
able— to  generate  gas  at  the  collieries  and  to  transmit  it  as  potential 
fuel  force  as  already  described. 

The  waste  gases  from  blast  furnaces,  coke  ovens,  and  destructor 
furnaces  are  often  unproductive,  because  there  is  no  contiguous  use 
for  them,  but  by  means  of  electric  generators  they  might  be  utilised 
for  machinery  or  electric  lighting  a  mile  distant. 

It  will  be  seen  from  the  above  considerations  that  transmission 
by  electricity  is  feasible,  and  that  the  comparison  with  other  systems 
is  mainly  a  matter  of  cost  and  economy.     A  further  development 
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will  depend  on  future  inventions  or  improvements  in  the  generation 
of  high  voltage  currents,  in  the  cheaper  insulation  of  such  currents, 
and  in  the  safeguarding  of  the  conductors.  The  objections  to 
high  voltage  will  disappear  only  when,  by  experience,  the  freedom 
from  accident  in  conductors  so  charged  is  established,  and  it  becomes 
evident  that  there  is  no  more  danger  in  the  neighbourhood  of  a  highly 
charged  conductor  than  in  contiguity  to  the  high-pressure  boiler  of  a 
locomotive  or  steamship,  either  of  which,  if  imperfectly  controlled, 
has  a  much  greater  capacity  of  harm.  In  this  regard  it  is  to  be 
noted  that  as  the  causes  of  danger  have  become  more  generally 
known,  the  necessary  precautions  have  been  enforced  by  municipal 
and  other  regulations,  and  since  1895,  although  transmission  by 
electricity  has  increased,  the  number  of  accidents  has  decreased. 

It  is  not  the  purpose  here  to  describe  the  method  or  particular 
kind  of  apparatus  necessary  for  generating  and  transmitting  electrical 
energy.  It  may  be  said,  however,  that  it  is  neither  easy  nor  con- 
venient to  construct  dynamos  for  generating  a  direct  current  of  more 
than  3000  volts,  although,  in  effect,  this  higher  voltage  has  been  ob- 
tained by  arranging  several  armatures  in  series.  As  the  difficulties  of 
insulation  in  or  about  the  generating  station  rapidly  increase  with  the 
voltage,  most  of  the  long  transmissions  have  up  to  the  year  1897 
been  effected  by  obtaining  first  a  current  of  moderate  voltage  and 
then  increasing  the  pressure  for  the  main  conductors  by  "  step-up  " 
transformers  at  the  generating  station,  and  reconverting  the  current 
by  "  step-down  "  transformers  at  the  place  of  arrival  into  one  of 
moderate  pressure  which  can  be  conveniently  distributed  or  applied. 
It  is  thus  that  at  Niagara  the  water  turbines  generate  2400  volts ;  the 
current  in  the  conductors  is  at  10,000  volts  ;  and  at  the  city  of  Buffalo 
26  miles  distant,  the  current  is  delivered  to  the  tramway  and  electric 
lighting  companies  at  500  to  600  volts  for  use  with  or  without  further 
reduction.  If  electric  energy  already  available  is  to  be  utilised  for 
transmitting  power,  the  system  and  voltage  must  be  made  known  to 
those  who  are  to  advise  as  to  its  application,  and  also  whether  the 
transmission  is  only  to  be  in  the  gross  to  one  point  or  is  for  distribu- 
tion also. 

While  it^.has  been  shown  that  distance  and  the  exigencies  of 
insulation  are  the  dominating  conditions  that  limit  transmission  by 
electricity,  the  Distribution  of  power  depends  on  other  circumstances. 
The  adaptation  of  electricity  for  this  purpose  was  for  some  time 
impeded   by   the   uncertainty   and   cost   of   maintainirig   numerous 
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electric  motors  for  giving  out  the  power  conveyed  to  them  from  a 
central  generator.  By  improvements  in  these  respects  power  can  be 
distributed  effectually  in  or  about  a  factory  or  mine  not  only  with 
less  loss  in  the  operation,  but  with  less  wear  and  tear  than  by  steam 

As  preferable  to    or  shafting  Or  compressed  air  or  wire  ropes.    As  analogous,  it  may 

Seepage  t         ^^  ^^^  ^^^  ^^  elcctric  conductor  has  the  same  advantage  over 

shafting,  belting,  and  toothed  wheels  as  the  conductor  wire  of  an 

electric  bell  has  over  the   tension  wires  and  cranks   in  the  now 

obsolete  domestic  bell-ringing  apparatus. 

In  a  factory,  for  instance,  current  from  one  large  generator  may  be 
distributed  to  niunerous  smaller  electric  motors,  one  of  which  may 
be  placed  in  each  woricshop,  whence  the  power  may  be  further  dis- 
tributed by  shafting  and  belts.  Experience  has  shown  also  that  it  is 
feasible  and  frequently  economical  to  effect  this  local  or  retail  distribu- 

A  dynamo- motor  tion  by  electricity.     Thus  there  may  be  a  motor  at  each  loom,  or 

*  lathe,  or  planing  machine,  not  only  with  less  loss  of  power  than 
shafting  involves,  but  with  no  more  wear  and  tear.  The  successful 
examples  of  this  method  had  become  numerous  by  the  year  1897, 
and  were  increasing.  The  current  may  be  taken  with  equal  facility 
to  machines  using  one-fourth  of  one  horse-power,  to  a  saw-mill  re- 
quiring 50  horse-power,  or  to  a  100-ton  travelling  crane,  and  with 
the  additional  convenience  that  this  distribution  may  include  trans- 
mission  from  a  central  engine  100   yards   or  1000  yards   distant. 

Electric  cranes.  At  the  first  application  of  electricity  to  travelling  cranes,  where  there 
Sttpagt  807.  are  numerous  and  subsidiary  movements,  as  for  propelling,  travelling 
and  traversing  as  well  as  lifting,  it  was  not  deemed  expedient  to  apply 
an  electric  motor  to  each,  and  the  power  was  diverted  and  applied  by 
wheels,  clutches,  or  other  mechanical  means.  But  owing  to  the  success 
of  the  electric  method,  and  the  freedom  from  wear  and  tear  of  the 
motors,  it  has  since  proved  advantageous  to  apply  a  separate  motor 
to  each  of  these  movements. 

Transmission  to         Electricity  affords   facilities   for  transmitting   power   to   isolated 
isolated  machines,  p^^chines.     For  purposes  like  these  it  was  often  found  necessary  to 

Seepage  736.  .  . 

establish  a  small  steam-engine  at  each  of  such  places.  Taking,  then, 
into  account  the  loss  by  leakage  and  condensation  in  the  pipes  from 
Seepage  571.  a  distant  boiler,  a  consumption  of  loo  lbs.  of  steam  per  effective  H.P. 
is  not  unusual.  Now,  by  a  small  electric  conductor  wire  the  power 
can  be  conveniently  taken  from  the  central  generator,  and  if,  after 
ordinary  working  hours,  it  is  desired  to  operate  one  machine,  a  small 
generator,  or  storage  batteries  provided  at  the  central  station  for  such 
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occasions,  may  supply  the  amount  of  power  desired  much  more  cheaply 

than  if  it  had  to  be  transmitted  by  steam,  or  shafting,  or  other  means. 

Not  only,  however,  are  machines  distributed  over  a  wide  area,  but 

they  may  have  to  be  moved  from  place  to  place,  as  in  shipbuilding       Seepage  748- 

yards.     The  facility  with  which  conductor  wires  may  be  taken  to 

portable  machines  is  then  of  great  value. 

The  distribution  of  power  to  moving  carriages  on  railways  and  ^^*  i^comotivb$, 
tramways  is  one  of  the  most  useful  applications  of  electricity,  and      tramwavs, 
one   likely  to   extend.     The  methods    of   accomplishing    this  are        /*»^3ao- 
described  elsewhere.       For  distributing  power  in   mines,  and  for     Electricity  in 

mines* 

hauling,  pumping,  or  winding ;  or  for  conveymg  power  by  submerged 

conductors,  electricity  affords  facilities  obtainable  by  no  other  means.    See  aUo page  so\. 

and  its  use  is  rapidly  extending.    Where  a  continuous  current  is  to  be  compressed  air. 

applied,  the  designer  of  the  dynamo-motor  must  be  informed  of  the 

amperage  and  voltage  available,  but  in  the  case  of  alternating  currents 

to  be  applied  by  a  3-phase  machine  it  is  necessary  also  to  know  the  ' 

periodicity  or  number  of  alternations  per  second. 

In  comparing  transmission  by  Electricity  with  that  by  Water, 
although  the  cost  of  apparatus  in  the  former  may  appear  high  and 
the  net  results  obtainable  less  in  some  cases  than  with  such  simple 
and  slowly  moving  mechanism  as  are  obtainable  from  a  hydraulic  Hydraulic  power, 
ram,  the  consumption  of  electric  current  may  be  more  easily  made      Set  page  4^u>, 
to  accord  with  the  useful  work  done  than  is  possible  with  hydraulic 
machines.     In  the  latter,  the  quantity  of  water  consumed  is  in  most 
cases  as  great  with  a  light  load  as  with  a   heavy  load.      Electric    Electric  power 
distribution  affords  facilities  for  measuring  the  power  generated  and  ***  ^  »«»■*"* 
transmitted,  as  well  as  that  applied  to  each  machine,  with  the  losses 
at  each  stage  of  the  operation,  an  investigation  not  easy  with  any 
other  system. 

The  transmission  of  power  by  Connecting  Rods  is,  for  general  pur-  ConnecUni:  rods, 
poses,  limited  to  very  short  distances,  for  in  most  kinds  of  machinery 
a  rotary  motion  is  required ;  and  the  crank  by  which  this  is  obtained 
from  the  reciprocating  movement  of  a  connecting  rod  requires,  for 
its  effective  working,  an  alternate  push  and  pull,  for  which  long     How  limited, 
connecting  rods  without  intermediate  supports  are  quite  unsuited. 
Even  in  a  steam-engine  the  connecting  rod  which  transmits  power  a 
few  feet  from  the  piston-rod  to  the  crank,  is  made  of  form  and  strength 
far  in  excess  of  what  the  tension  requires,  to  resist  the  transverse    Unsuitable  for 
strains  incurred  in  pushing  the  crank ;  and  the  rod,  if  its  length  were        ^^^  **"***' 
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Roury  motion    increased,  would  soon  become  unwieldy  and  impracticable.      Rotary 

by  tension  only.  ^  *^  ,       •       j    v 

motion  can,  of  course,  by  the  use  of  a  fly-wheel,  be  obtained  by 
pulling  only,  as  for  instance,  in  a  lathe,  where  a  chain  connects  the 
treadle  to  the  crank ;  but  in  any  but  simple  cases  this  is  neither 
equable  nor  effective.  By  means  of  a  ratchet  and  pawl,  a  slow  rotary 
motion  may  be  obtained  from  the  tension  of  a  connecting  rod,  but 
except  for  such  purposes  as  a  ratchet  drilling-brace,  or  for  some 
minor  movement  in  a  larger  machine,  this  system  of  transmission  is 
seldom  suitable. 

Long  rods,  how         Long  Connecting  rods  have  found   their  chief  application   in 

pumping  from  mines,  and,  in  recent  times  for  the  working  of  railway 

For  pumping,  points.  Pumping  machinery  is  often  erected  with  a  view  to  its  tem- 
porary use  only ;  and,  whether  temporary  or  permanent,  advantage 
is  frequently  taken  of  a  steam-engine  or  water-wheel  situated  at  a  con- 
siderable distance  from  the  pump-gear. .  In  England,  connecting 
rods  are  found  to  transmit  the  necessary  force  without  inordinate  fric- 
tion for  distances  up  to  3000  feet.  Not  only  on  the  surface,  but  in  the 
underground  workings  of  a  mine,  power  is  thus  transmitted,  the  rods 
working  horizontally  or  at  any  inclined  angle  ;  the  total  distance  of 
rod-transmission  from  the  original  motor  on  the  surface  being  some- 
times as  much  as  one  mile.   The  power  is  generally  applied  by  means 

By  bell-cranks,    of  a  bell-crank  or  quadrant  at  the  top  of  the  mine-shaft,  the  crank 

Seepage  616.      being  pullcd,  and  the  vertical  pump-rod  lifted  at  each  stroke  of  the 

connecting  rod ;  the  weight  of  the  vertical  rods  being  sufficient  (they 

Return  movement  sometimes  weigh  more  than  qo  tons)  to  ensure  the  downward  move- 
effected  by  o  J  / 
weights.         ment  of  the  pump-bucket  or  plunger,  and  therefore  the  return  stroke 

Distance,  how    of  the  Connecting  rod.     The  distance  to  which  it  may  be  profitable 

limited.  f  \  11  -j 

or  expedient  thus  to  transmit  power  depends  on  many  considera- 
tions :    the  cost  of  the  rods  with   their  supports ;    the  intervening 
obstacles,  such  as  the  inequality  of  the  ground  to  be  traversed  ;    the 
loss  of  power  by  friction ;  the  right-of-way  for  the  rods  ;  and  the  pro- 
portion, which  these  circumstances  bear  to  the  comparative  expense 
and  the  convenience  of   motive  power  placed  nearer  to  the  point 
where  it  is  to  operate.     Such  considerations  have,  in  England,  limited 
In  England,  3000  the  transmission-distance  above  ground  to  about  3000  feet,  as  just 
ee  m     m     .    g^^^j^  ^^^  Under  more  favourable  circumstances  much  greater  dis- 
tances may  be  traversed.     Thus,  in  Sweden,  there  are  instances  of 
Power  power  derived  from  a  waterfall  or  rapid  beinff  conveyed  by  connecting 

transmitted         *  ,         r  i-l  •• 

4  miles  by  rods,   rods  cvcn  as  far  as  four  miles,  for  use  at  mines ;  the  transmission 

rods  having  often  to  traverse  irregular  and  hilly  country.     Such  a 
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gratuitous  source  of  power  justifies  a  much  greater  loss  by  friction  Lobs  bjr  friction 
than  could  be  afforded  if  the  power  had  to  be  obtained  by  the  expen- 
diture of  fuel.  The  cheapness  of  timber  for  the  rods,  and  a  free 
right-of-way,  also  tend  to  render  such  long  transmission  feasible. 
The  rods  are  strapped  with  iron,  and  are  supported  on  rollers  or  Rods,  how  macu 
rocking-posts  placed  at  intervals  of  about  50  feet.  Iron  rods  are 
sometimes  used  where  the  work  is  light ;  but  for  transmitting  con- 
siderable power,  stability  against  transverse  and  compressive  strains 
is  better  obtained  by  the  use  of  wood;  and  iron  rods  are  seldom 
employed  except  for  short  distances. 

Where  chain  is  used  for  pulling  over  a  wheel,  or  wire  rope  for  Tr«nBmi»»ion  by 
pulling  a  crank,  the  return  motion  is  obtained  either  by  a  second 
chain  or  rope,  or  by  means  of  a  balance-weight  or  spring.     The  two 
chains,  which,  from  the  steering  wheel  in  the  fore  part  of  a  ship,  pull 
on  each  side  of  the  tiller  at  the  stem,  are  an  example  of  the  former       Examples, 
method :  and  the  wire  rope  and  balance-weights  by  which  railway 
signals  are  worked  are  examples  of  the  latter.     As  chains  can  only 
act  in  tension,  there  is  always  a  risk,  where  the  return  motion  depends         Riskg  ©f 
on  a  balance-weight,   that  derangement  in  the  return  motion  may        ^njrement. 
occur  without  giving   any   immediate   indication   to  the   operator; 
for  the  actuating  lever  may  be  duly  pulled  back  by  the  local  weight 
attached  to  it,  even  though  the  chain  wheel  at  the  further  end  may 
not  have  responded,  or  the  chain  may  have  buckled  or  kinked.     The 
use  of  stiff  rods  instead  of  a  flexible  conductor  greatly  reduces  these  Connecting  rods 
risks,  because,  although  the  effective  service  may  still  be  performed       ^^  *'* 
by  tension,  the  resistance  which  a  rod  will — if  properly  guided — 
offer  to  compression,  goes  far  to  ensure  the  return  movement.      On 
modem  ships  and  steamers  the  steering  wheels   are   sometimes  as 
much  as  300  feet  from  the  rudder,  and,  although  the  force  is  con- 
veyed entirely  by  tension,  yet   rods  or  stiff  wire  rope  have  been  Example  of  tiUer- 
generally  substituted  for  chain  except  at  the  immediate  connection 
with  the  wheel  and  tiller. 

Till  about  1870,  Railway  signals  within  stations  were  almost  Railway  sisnau. 
invariably  worked  by  wires  or  wire  cable,  and  switches  also,  if  at  more 
than  a  few  yards  distance  from  the  operating  lever.  Such  a  method 
of  transmission  has  not  always  proved  adequate  for  the  safe  working 
of  a  railway,  under  the  conditions  of  busy  traffic  usual  in  England, 
and  the  occurrence  of  numerous  accidents  rendered  improved  systems 
necessary.  Wrought-iron  tubes,  which  combine  much  strength  and  Railway  rods, 
stiffness  with  moderate  weight,  have  been  employed  as  a  substitute  for       ^^  made. 
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wires  or  cables  for  operating  points,  and  occasionally  also  for  signals. 
The  tubes  have  generally  a  diameter  of  from  i  inch  to  ij  inch, 
and  are  carried  on  guide-rollers  placed  at  intervals  of  from  6  feet 
to  8  feet,  and  as  these  cause  considerable  friction,  the  force 
required  to  pull  over  the  lever  increases  rapidly  with  the  length 
of  transmission.  Since  1890,  tubes  have  in  their  turn  been  super- 
seded on  some  railways  by  solid  bars  of  wrought  iron  or  steel,  of 
square  or  channel  section.  The  stroke  or  travel  of  the  rod  seldom 
exceeds  8  inches,  and  where  the  transmission  distance  is  great, 
variations  in  the  length  of  the  rods  by  expansion  and  contraction 
in  a  varying  temperature  have  an  appreciable  effect.  The  Board  of 
Trade  regulations  forbid  a  greater  distance  for  the  working  of 
facing-points  than  450  feet ;  but,  for  trailing-points  and  for  signals, 
power  may  be  transmitted  1000  feet.  This  distance  may  be  con- 
sidered the  limit  of  transmission  by  connecting  rods  for  these  purposes, 
and  for  longer  transmissions — such  as  for  distant  signals  which  are 
sometimes  placed  as  far  as  4500  feet  from  the  operator — wire  rope 
is  used. 

The  constantly  increasing  traffic,  the  high  speeds,  and  the  general 
adoption  of  the  electric  block  and  interlocking  systems  on  English 
railways,  have  greatly  enhanced  the  importance  of  adopting  the  best 
transmission  methods ;  and  the  constant  attention  of  railway  engineers 
has  brought  the  various  kinds  of  apparatus  to  great  perfection.  But 
further  improvement  is  still  sought  with  regard  to  the  connecting 
rods,  in  the  methods  adopted  for  meeting  alternations  in  temperature  ; 
the  various  systems  in  use  not  having  always  proved  effective.  It 
is  generally  sought,  by  dividing  the  total  length  into  sections,  to 
make  an  expansion  in  one  section  compensate  exactly  for  an  op- 
posite expansion  in  another;  but  even  this  precaution  sometimes 
proves  insufficient  where  the  variations  in  temperature  are  irre- 
gular— ^as  for  instance,  where  part  of  the  rods  are  situated  in  a 
tunnel  or  deep  cutting,  and  the  remainder  on  an  exposed  embank- 
ment. 


Transmission  by 
shafting. 


Shafting  was  up  to  1895  almost  invariably  employed  for  dis- 
tributing power  to  numerous  machines,  but  for  conveying  gross  power 
it  is  only  expedient  to  use  it  for  short  distances ;  an  engineer's  factory 
or  a  cotton  mill  being  an  example  of  the  former,  and  the  fly-wheel  shaft 
of  a  land  engine,  or  the  screw-shaft  of  a  marine  engine,  examples  of 
the  latter.     The  engine  or  other  motor  is  placed  as  near  the  point  of 
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distribution  as  possible,  as  the  cost  of  the  machinery  and  the  friction 
in  working  increase  rapidly  with  the  distance  of  transmission.  Where 
the  power  has  to  be  conveyed  in  numerous  directions  or  to  many 
different  workshops,  the  transmissions  are  effected  by  toothed  wheels 
or  by  belting,  the  main  transmissions  being  sometimes  taken  by 
ropes  running  in  grooved  pulleys.  But  the  use  of  toothed  wheels 
greatly  limits  the  speed  of  the  shafts,  and  it  is  on  the  principle  that 
quickly-running  shafts  are  the  most  economical  for  transmitting  a 
given  power,  that  belting  or  ropes  are  preferred  more  often  than 
formerly. 

The  primary  consideration  in  laying  out  shafting  is  to  have  the 
supports  at  proper  distances  apart,  so  that  while,  on  the  one  hand, 
there  may  be  no  unnecessary  bearings  (as  each  adds  to  first  cost  and 
to  the  friction  of  working,  as  well  as  being  an  obstruction),  there  may, 
on  the  other  hand,  be  no  risk  of  flexure  with  shafts  of  moderate 
diameter.  Some  distance  between  8  and  1 2  feet  is  generally  adopted 
where  there  is  free  scope  for  choice ;  the  lighter  the  shafting  the 
nearer  the  bearing  required.  In  cases  where  it  is  impossible  or  incon- 
venient to  have  bearings  so  near — as  for  instance  where  a  shaft  spans 
an  open  yard  or  public  street — it  may  become  necessary  to  truss  the 
shaft  to  enable  it  to  resist  flexure.  Another  important  consideration 
is  the  arrangement  of  bearings,  couplings,  and  power-transmitting 
pulleys  in  relation  to  each  other,  for  it  is  desirable  to  have  couplings 
as  near  the  bearings  as  possible,  and  it  is  even  more  important  that 
the  power-transmitting  pulleys  should  also  be  arranged  near  bearings, 
for  they  impose  great  strains  upon  the  shaft.  For  any  but  moderate 
distances  it  is  expedient  to  place  the  steam-engine  or  motive  pulley 
in  the  middle  of  the  line,  and  to  take  the  shafts  right  and  left  from 
it,  so  as  to  diminish  the  length  of  each.  In  this  way  shafting  may 
be  taken  as  far  as  1000  feet  in  either  direction  from  an  engine,  but 
although,  by  careful  arrangement  and  workmanship,  the  friction 
can  be  minimised,  such  long  lines  of  shafting  are  only  expedient 
when  the  necessities  of  distribution  along  the  line  are  such  as  to 
justify  a  considerable  expenditure  of  power  in  conveying  it.  In  work- 
shops where  there  are  only  few  machines,  it  would  generally  be 
cheaper  and  more  convenient  to  supply  each  with  an  electric  motor, 
and  to  bring  the  power  by  an  electric  wire  from  a  central  dynamo- 
generator.  Such  a  plan  also  allows  of  variations  in  speed  to  each 
machine,  according  to  the  severity  of  the  work  it  has  to  do. 

The  details  of  shafting,  and  its  various  accessories,  have  been 
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brought  to  great  perfection.     The  shafts  themselves,  for  diameters 
not  exceeding  4  or  5  inches,  are  turned  from  solid  rolled  bars  of 
wrought  iron  or  steel,  but  it  is  sought  in  some  cases  to  avoid  the 
expense  of  turning,  by  using  bars  so  planished  by  cold-rolling  as  to 
have  a  bright  smooth   surface.     Large  diameter   shafts  are   forged 
under  the   steam-hammer  and    then   turned   in   the   lathe,   though 
sometimes  only  the  journals  or  bearings  are  turned.     The  exact 
form  which  turning  alone  gives,  is,  however,  very  useful  in  allowing 
free  scope  for  bearings  or  pulleys  at  any  point.     Every  wheel,  pulley, 
or  coupling    should  be    balanced,  and  the    importance  of   these 
precautions  increases  with  the  velocity,  for,  as  any  irregularity  in 
form,  or  want  of  balance  in  the   shafts  or   pulleys,  gives,  at   each 
revolution,  a  blow  to  the  fixed  parts,  the  vibration  from  these  causes 
will,  at   high  speed,  shake   loose  or  destroy  the  entire  apparatus ; 
while  rough  or  seamed  journals  cut  or  wear  away  the  bearings.      For 
high-velocity  shafts  conveying  considerable  power,   or  where   the 
distance  between  the  bearings  is  necessarily  great,  hollow  tubes  have 
in  some  cases  been  used,  so  that  while  retaining  a  diameter  sufficiently 
large  for  the  bearings  and  to  resist  torsion  or  flexure,  the  weight  may 
not  be  excessive.      The   large   propeller-shafts  of  steam-ships   are 
sometimes  made  hollow  by  boring   out   the   middle,  because  the 
original  steel  ingot  from  which  the  shaft  is  made  is  not  considered 
so  sound  in  the  middle  from  a  possible  excess  of  carbon  there.    There 
are  great  differences  of  opinion  as  to  the  methods  of  coupling  shafts 
— flanges,  sockets,  bolts  and   keys  being  applied  in  various   ways. 
The  coupling  should  be  so  designed  that  the  shaft  is  at  least  as  strong 
there  as  anywhere  else,  and  it  may  be  said  generally  that  standard 
sizes  should  be  adopted,  so  that  couplings  of  the  same  nominal  size 
may  be  interchangeable  and  fit  accurately  on  shafts  of  given  dia- 
meter ;  and  the  shafts  should  be  so  regulated  in  size  as  to  allow  the 
free  passage  over  them  of  any  wheel  or  pulley  which  it  may  be  desired 
to  attach.     Couplings  with  conical  bushes  grasp  shafting  firmly,  even 
if  the  diameters  do  not  exactly  accord.     Owing  to  the  great  facilities 
afforded  by  "  split "  drums  or  pulleys  in  placing  them  at  any  place 
on  the  shaft,  projecting  couplings  are  no  impediment,  and  therefore 
the  strongest  form  of  coupling — a  flange  forged  solid  on  the  shaft — 
may  be  used. 

Bearings  or  supports  for  shafting  are  needed  in  a  very  great  variety 
of  form  and  size ;  wall-brackets,  column-brackets,  hangers  and  pillow- 
blocks  of  varying  dimensions  being  necessary  for  the  different  situa- 
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tions  that  present  themselves.  And  when  belts  are  substituted  for 
geared  wheels,  the  exigencies  of  position  or  angle  frequently  require 
swivelled  or  adjustable  bearings  of  various  kinds.  The  frequent 
bearings  for  shafting  of  course  require  beams,  columns,  or  walls  for 
support,  and  it  is  best  to  have  all  these  under  cover.  Sometimes 
these  necessities  may  be  modified  by  laying'  the  shafting  in  a  trench 
in  the  ground,  a  plan  frequently  adopted,  for  instance,  in  a  saw-mill, 
where  overhead  belts  would  hinder  the  free  moving  of  timber,  and 
where,  because  of  the  high  speed  of  the  shafting,  the  solid  support  of 
the  ground  is  advantageous,  as  affording  a  steadier  bearing  than 
the  elevated  or  side  supports  of  columns  or  brackets.  Where  the 
machines  are  so  placed  that  the  belts  from  below  form  no  obstruction, 
the  plan  may  be  best,  but  it  has  certain  inconveniences. 

The  shafting  of  a  factory,  with  its  numerous  bearings,  couplings, 
wheels,  and  pulleys,  should  be  considered,  not  only  in  relation  to  its 
ultimate  purpose  of  transmitting  power,  but  as  itself  a  machine.  On 
the  proper  proportioning  of  the  various  parts,  on  the  balancing  of 
quickly-revolving  wheels  and  pulleys,  on  the  accuracy  of  the  bearings 
and  on  the  methods  of  lubrication,  depend,  not  only  the  cost  of 
repairs,  but  the  daily  cost  of  keeping  the  whole  in  motion.  Many 
factory  owners  are  quite  ignorant  of  the  power  absorbed  in  doing  this, 
and  the  measurement  of  the  force  expended  in  turning  the  shafting 
while  all  the  machines  are  idle  would  often  be  very  useful.  The 
power  thus  absorbed  frequently  exceeds  50  per  cent,  and  in  some 
cases  even  70  per  cent,  of  the  gross  force  of  the  motor;  and 
where  the  work  of  the  machines  is  intermittent,  and  much  shafting  is 
kept  running  without  doing  useful  work,  the  proportion  of  unfe- 
munerative  expenditure  will  be  greatly  increased.  It  is  impossible 
to  fix  long  lines  of  shafting  absolutely  true  on  rigid  bearings,  and 
pivoted  bearings  which  adapt  themselves  to  an  irregular  line  save 
much  friction.  Numerous  transmissions  by  toothed  wheels  add 
greatly  to  the  friction ;  bevelled  tooth  wheels  especially  having  this 
effect,  owing  to  end  pressure  or  thrust  on  the  shafting.  A  large 
percentage  of  power  may  be  saved  by  efficient  automatic  lubrica- 
tion, the  bearings  being  in  effect  constantly  running  in  oil.  In  large 
factories,  where  the  work  to  be  done  is  constant  and  uniform,  one 
central  engine  of  considerable  power  generally  proves  the  cheapest, 
as  space,  fuel,  and  attendance  are  economised  ;  but  where,  as  often 
occurs,  one  or  few  machines  may,  at  times,  alone  be  wanted,  the 
plan  is  sometimes  preferred  of  having  numerous  small  engines  and 
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less  transmission   shafting,  or  to   distribute  the  power  by   electric 
Choice  of  method,  conductors  from  One   central  dynamo.     The  choice  between  these 

how  determined.  i      i      j  i  ,  i       i        i      •  i  •  «  i 

methods  depends  not  only  on  the  local  circumstances  which  make 
the  course  to  be  traversed  convenient  to  one  more  than  to  the  other, 
but  on  the  nature  of  the  operation  to  be  effected — revolving  or  only 
reciprocating,  constant  or  intermittent,  slow  or  quick  in  its  move- 
ment, and  whether  requiring  much  or  little  force. 

Power  by  shafting         Power  is  in  some  cases  distributed  by  shafting  to  different  users, 

who  pay  rent  for  it  ;  this  custom  prevailing  in  many  manufacturing 
towns  where  craftsmen  of  various  kinds  require  from  ^  to  lo  horse- 
power for  driving  their  machines.  Sometimes  the  power  alone  is 
hired,  but  generally  it  is  provided  by  the  landlord  of  the  tenements — 

Power  leased  and    often  a  factory  owner,  who  has  spare  rooms  to  let — the  tenants,  who 

included  in  rent.       ,        ,  .  „  ,        .  ^  ^  >. 

thus  hire  power  as  well  as  room,  having,  of  course,  to  conform  to  the 
prescribed  hours  of  working,  or  to  pay  at  a  higher  rate  for  extra  hours 
if  the  steam-engine  be  kept  running  for  them  alone. 

While,  however,  the  above  remarks  apply  where  transmission  by 
shafting  is  preferred  or  adopted,  the  whole  subject  has  been  revolu- 
Set  F.LKCTRiciTY,     tionised  by  the  facilities  afforded  by  electricity  as  already  described. 

>a^5o8. 

Transmission  by  Belting  may  be  said  to  find  its  principal  use  in  the  distribution 

rather  than  in  the  transmission  of  power,  and  even  those  engineers 

who  prefer  toothed  wheels  to  belting  for  conveying  gross  power  from 

Belts  preferred  for  a  Steam-engine  or  other  motor,  generally  agree  that  belts  are  better 

suited  for  distributing  or  retailing  power  to  numerous  machines. 
Belts  unsuited  for         Belt-transmission  does  not  compare  favourably  with  gearing  for 
.  s  ow  spee  s.       ^^^  specds,  and  when  it  is  so  used  it  is  because  of  the  supposed 

cheapness  or  simplicity  allowed  in  the  construction  of  the  apparatus, 

or  because  of  special  difficulties  in  the  way  of  gearing.     Belting  is 

Nor  for  exact      not  suited  for  transmitting  exact  speeds,  for  there  is  a  liability  to  slip, 

spee  s.  which  varies  according  to  tension,  temperature,  tightness  of  the  belt, 

smoothness  of  the  pulleys,  and  other  circumstances.     Thus,  it  is 

unfitted  for  a  clock  or  indicator,  for  the  screw-cutting  apparatus  of  a 

lathe,  or  for  giving  motion  to  the  governor  of  a  steam-engine  ;  although 

it  is  frequently  used  for  the  latter  purpose  where  great  exactitude  is 

Pitch-chains.       not  required.     Pitch-chains  used  as  belts  meet,  to  some  extent,  this 

Seepagts^x,       difficulty.     The  slip,  or  "  creeping,"  of  a  belt  varies  according  to  its 

grip,  and  to  the  strains  put  upon  it,  and  it  is  evident  that  where  there 

Slipping  of  belts,    are  several   successive  transmissions,  the  aggregate  slip  may  alter 

greatly  the  proportionate  revolutions  of  the  power-receiving  machine 
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and  the  motor.  The  grip  of  a  belt  can  be  increased  by  covering  the 
pulley  with  buff-leather,  paper,  or  other  material  which  increases  the 
friction ;  but  such  methods  are  seldom  adopted  except  for  special 
purposes  and  small  machines.  For  wire-rope  transmission  the  bottom 
of  the  pulley  grooves  are  covered,  this  as  much  to  prevent  damage 
from  the  rubbing  of  two  metallic  substances  as  for  giving  grip  to  the 
rope.  The  separate  wires  of  the  rope  are  sometimes  laid  together 
in  a  special  manner  so  as  to  give  a  smooth  surface  when  used  for 
running  round  pulleys.  Chalk  or  resin  is  often  applied  to  leather 
belting  to  increase  the  grip  on  the  pulleys,  but  these  substances 
harden  the  leather,  and  are  undesirable.  The  liability  of  a  belt  to 
slip,  while  incompatible  with  exactitude  of  speed,  is,  however,  the  very 
circumstance  which  renders  this  kind  of  transmission  preferable  to 
gearing  for  certain  operations.  Thus,  for  instance,  in  driving  a 
circular-saw,  if  the  timber  be  pushed  forward  too  rapidly,  or  a  hard 
knot  be  encountered  by  the  saw,  some  part  of  the  apparatus  must  yield 
or  break ;  and  the  belt,  slipping  on  the  pulley,  affords  the  necessary 
relief.  So,  also^  in  starting  machinery — if  toothed  wheels,  running 
at  a  considerable  speed,  be  thrown  into  gear  with  a  heavy  machine, 
the  inertia  of  the  latter  cannot  immediately  be  overcome,  and  there 
is  a  liability  to  fracture.  A  belt  transferred  in  the  usual  way  from  a 
loose  to  a  fast  pulley  acts  in  such  a  case  the  part  of  a  friction  clutch, 
and  slips  sufficiently,  during  the  first  few  revolutions,  to  give  time  to 
the  power-receiving  machine  to  attain  its  proper  speed. 

Belting  is  obviously  more  convenient  than  gearing  for  temporary 
transmission,  or  where  the  distance  from  the  motor  to  the  machine 
or  the  relative  level  of  their  positions  is  liable  to  variation,  as  a  belt 
can  be  readily  applied  and  adjusted  without  the  preparation  and 
exactitude  which  geared  wheels  and  their  support  involve.  Thus, 
from  a  portable  engine  to  a  thrashing-machine,  stone-crusher,  or 
mortar-mill,  the  gross  power  of  a  steam-engine  is  almost  always  taken 
by  belting. 

Belting  has  generally  been  considered  by  English  engineers  as 
unsuitable  for  transmitting  the  gross  power  of  large  engines,  but  the 
example  set  in  the  United  States,  of  using  belts  or  ropes  instead  of 
toothed  wheels  for  such  purposes,  has  been  followed  by  many 
engineers  in  Great  Britain. 

The  whole  subject  of  belt-transmission  has  been  thoroughly  in- 
vestigated, and  elaborate  tables,  based  on  numerous  experiments, 
are  available  for  reference.     Opinions  differ,  not  so  much  in  regard  to 
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the  theory  of  calculation — for  there  is  a  general  concurrence  as  to 
the  principles  involved — as  in  regard  to  the  deductions  drawn  and 
in  the  working  rules  recommended.  The  power  which  a  belt  can 
transmit  is  measured  by  the  strain  or  tension  imposed  on  it  (depending 
on  its  sectional  area  and  the  quality  of  the  leather)  multiplied  by  the 
velocity,  the  foot-pounds  of  force  per  minute  thus  transmitted  being 
equal  to  a  certain  horse-power.  The  ultimate  breaking  strain  of 
leather  belts  varies,  according  to  their  kind,  from  3000  lbs.  to  5000  lbs. 
per  square  inch  of  sectional  area,  but  there  are  wide  differences  of 
quality.  The  effective  strength  is  limited  by  that  of  the  lacing  or 
riveting  by  which  it  is  joined,  and  by  the  leather  becoming  worn  and 
weakened  by  use.  It  is  considered  expedient,  therefore,  to  have  a 
considerable  margin  of  strength,  and  a  working  strain  of  from  250  lbs. 
to  300  lbs.  per  square  inch  of  sectional  area  is  usually  adopted; 
from  50  lbs.  to  55  lbs.  tension  on  a  belt  i  inch  wide  ^^  thick  being 
an  example.  From  the  gross  tension  given  to  the  belt  has  to  be 
deducted,  to  obtain  the  net  result,  a  certain  proportion  which  serves 
only  to  overcome  friction  on  the  pulleys,  and  though  there  are  varia- 
tions in  friction  arising  from  different  causes,  one-fourth  is  generally 
considered  a  fair  allowance.  As  an  approximate  rule,  a  belt-surface 
velocity  of  60  feet  square  per  minute  may  be  taken  as  required  for 
each  horse-power  transmitted,  but  as  belts  vary  in  thickness  such 
a  rule  may  need  qualification,  belts  of  double  or  treble  thickness 
affording  increased  strength  in  proportion  to  their  greater  sectional 
area.  When  belting  is  run  at  an  excessive  speed  the  centrifugal 
force  has  the  effect  of  relaxing  its  grip  on  the  pulleys.  In  the  United 
States,  where — as  has  been  said — belting  is  used  for  transmitting 
much  greater  power  than  is  usual  in  England,  main  driving-belts 
are  made  of  all  widths  up  to  36  inches,  and  4000  to  5000  lineal  feet 
per  minute  is  considered  a  proper  speed ;  this  speed  being  obtained 
more  by  the  use  of  large  diameter  pulleys  than  of  high-speed 
shafting. 

It  is  generally  considered  that  belting  works  most  effectually  when 
the  pulleys  are  at  such  a  distance  apart  that  the  weight  of  the  upper 
belt  affords  considerable  adhesion  on  the  pulley ;  and  that  the  belts 
should  be  of  such  width  and  have  such  a  contact  with  the  metal  as  to 
transmit  the  desired  power  when  thus  running  slack ;  so  that  the  ad- 
hesion may  not  have  to  be  obtained  by  extreme  tightness  of  the  belt, 
which  might  strain  the  shafting  too  much.  But  the  evil  effect  of  short 
tight  belts  generally  arises  from  the  lap  jointing  of  the  belts,  which 
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causes  alternate  tightness  and  slackness  as  they  pass  over  the  pulley. 
Butt  joints  with  metallic  fastenings  overcome  this  difficulty.  Belts 
always  incline  to  the  greatest  diameter  of  a  pulley  :  hence  the  rounding 
of  the  rim  prevents  the  belts  slipping  off.  If,  however,  the  distance 
between  the  pulleys  is  too  great,  the  belts — slacker  as  their  length 
increases — ^work  unsteadily,  especially  at  high  speeds,  and  become 
cumbersome  and  dangerous.  Between  main  driving  pulleys  the  dis- 
tance seldom  exceeds  30  feet,  and  between  minor  distributing  pulleys 
20  feet,  while  in  the  majority  of  cases  shorter  distances  are  usual. 
For  longer  spans,  in  exceptional  cases,  intermediate  pulleys  or  rollers 
both  for  guiding  end  tightening  the  belts  become  necessary.  More- 
over the  belting  can  then  be  enclosed  in  wood  casing,  and  even 
allowed  to  skid  on  the  inner  surface  of  the  boarding  if  the  latter  be 
lubricated  with  black  lead  and  tallow. 

Power  can  be  transmitted  by  belting  from  one  shaft  to  another  not 
parallel  to  it  by  twisting  the  belt,  and  the  belt  has  then  a  greater  grip- 
surface  on  the  pulley ;  but  unless  carefully  effected,  excessive  side 
strains  may  be  imposed  on  the  shafting  or  machines.  Difficulties  of 
this  sort  are  overcome  by  having  intermediate  pulleys  for  altering  the 
direction  of  the  belting  \  and  power,  where  so  guided,  can  be  trans- 
mitted round  corners,  although  the  loss  by  friction  is  by  such  a  method 
much  increased.  Where  the  direction  or  line  of  transmission  is  sub- 
ject to  variation,  swivelled  pulleys  allow  the  necessary  latitude  to  the  Swivelled  puUeys. 
belting. 

Although  leather  is  the  most  usual  material  for  flat  belting,  other 
materials  are  also  employed  ;  canvas,  vulcanised  india-rubber,  or  both 
combined,  and  gutta-percha,  being  the  most  common  substitutes. 
What  is  known  as  Gandy*s  cotton  belting  has  also  been  largely  used 
e^en  for  transmissions  exceeding  100  H.P.  These  substitutes  for 
leather  are  considered  preferable  sometimes  when  the  belting  is  to  be 
exposed  to  damp  or  steam,  but  they  are  also  used  where  no  such 
conditions  prevail,  because  they  may  be  at  a  particular  time  and 
place  cheaper  than  leather.  Canvas  belting  is,  however,  unsuitable 
if  there  is  much  slip,  as  the  friction  heats  the  oil  and  causes  a  consider- 
able reduction  in  speed.  The  quality  of  leather  differs  very  much  Quality  of  leather, 
in  different  countries,  and  the  superiority  generally  conceded  to 
English  leather  lies  rather  in  the  mode  of  manufacture  than  in  the 
original  quality  of  the  hides.  Bark-tanning  produces  the  best  leatner 
for  general  purposes,  and  the  English  climate  favours  the  growth  of 
the  best  oak  bark.     A  variety  of  other  materials — hemlock   bark. 
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gambia,  valonea  (oak-apples),  myrabolams — are  employed  for  tan- 
ning where  oak  bark  is  scarce,  but  the  average  quality  of  leather  so 
produced  is  less.  In  England,  moreover,  more  discrimination  is 
exercised  in  dividing  the  hides  into  various  parts  for  different 
treatment ;  so  that  even  though  the  same  average  of  quality  may 
be  produced  by  foreign  tanning,  the  better  parts  of  the  hide  receive 
in  England  more  attention,  and  afford  for  those  who  are  willing  to 
pay,  the  best  leather. 

But,  although  leather  of  the  best  quality  for  general  purposes  may 
be  produced  by  oak-bark  tanning  according  to  the  English  system, 
it  is  a  much-disputed  point  whether  leather  so  manufactured  is  the 
best  for  all  purposes.  For  instance,  hemlock-tanned  leather,  though 
not  of  such  good  appearance,  is  extremely  hard  and  durable  for 
boot  soles ;  and  similarly,  in  the  opinion  of  some  engineers,  the  oak- 
tanning  process,  carried  out  in  the  manner  usual  in  England,  for 
high-priced  leather,  is  not  the  best  suited  for  belting,  in  that  it 
reduces  the  original  tenacity  of  the  hide.  A  lasso  rope  of  dried  hide 
is,  for  instance,  stronger  than  a  similar  rope  of  leather,  and  the 
tedious  manipulating  process  by  which,  in  the  preparation  of  such 
lasso  ropes,  the  flexibility  of  the  hide  is  retained,  has  been  imitated 
by  a  machine  process  for  making  what  is  called  "  fulled  raw-hide 
leather "  for  belting.  The  qualities  of  leather  so  made  have  not, 
however,  been  sufficiently  tested  to  justify  its  general  adoption  in 
preference  to  bark-tanned  leather,  and  except  where  it  is  important 
to  obtain  a  maximum  tensile  strength,  the  latter  would  probably  be 
preferable. 

Round  ropes  are  frequently  used  instead  of  belts,  partly  because  of 
the  direct  advantages  they  are  supposed  to  afford,  and  partly  because 
where  good  leather  is  scarce,  they  facilitate  the  substitution  of  other 
materials.  Belting  ropes  are  made  of  leather,  raw  or  half-tanned  hide, 
hemp,  manilla,  or  cotton,  but  cotton  is  preferred  by  the  majority  of 
users.  Leather  of  inferior  quality,  which  would  fray  or  break  if  used 
in  the  form  of  a  flat  belt,  may  be  twisted  into  a  very  strong  rope. 
One  effective  method  of  doing  this  is  to  lay  a  flat  belt  upon  another 
of  double  the  width,  unite  them  by  one  row  of  stitches  down  the  centre, 
and  then  to  twist  the  belt,  thus  doubled,  into  a  rope.  Raw  or  half- 
tanned  hide  has,  when  twisted  into  a  rope,  a  tenacity  ij  times  that  of 
flat  leather  belts  of  the  same  sectional  area.  Ropes  are  often  more 
convenient  than  flat  belts,  and  in  some  factories  have  entirely 
superseded  them.     A  flat  belt  is  often  inconvenient,  its  edges  are 
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obtrusive,  it  needs  wide  pulleys,  and  the  transmission,  if  it  be  not  in  a 
direct  line,  requires  elaborate  arrangements  for  directing  it.  But  even 
where  there  are  no  such  special  circumstances,  ropes  are  preferred  by 
some  engineers.  Single  ropes  are  used  for  distributing  power  to  small 
machines,  but  the  system  is  characterised  by  the  use  of  numerous  ropes 
running  on  the  same  pulley  in  a  series  of  grooves  side  by  side.  Thus 
— to  take  one  instance — in  a  jute  factory  in  India  the  entire  force  of 
an  engine  of  1000  horse-power  is  taken  by  18  cotton  ropes  from  the 
fly-wheel,  which  is  made  of  a  drum  form,  6  feet  7  inches  wide,  to  re- 
ceive the  necessary  grooves.  The  fly-wheel  is  28  feet  in  diameter, 
making  43  revolutions  per  minute,  the  ropes  being  each  2  inches 
diameter,  1 1  of  the  ropes  taking  the  power  in  one  direction,  and  7 
ropes  in  the  other.  When  ropes  run  in  opposite  directions  friction 
in  the  main  bearings  is  considerably  reduced.  The  subsequent  trans- 
missions for  distributing  the  power  are  made  also  in  a  similar  way, 
smaller  and  fewer  ropes  being  used  as  the  power  becomes  less.  But 
to  work  this  system  effectively  the  pulleys  and  grooves  should  be 
accurately  turned,  so  as  to  ensure  that  the  working  diameter  at  each 
groove  is  exactly  similar.  And  as,  to  carry  out  this,  the  ropes  should 
be  of  the  same  diameter  and  length,  no  new  rope  should  be  inserted 
till  by  stretching,  or  otherwise,  it  is  the  same  as  the  ropes  that  have 
been  strained  in  working.  The  grooves  should  have  straight  sides 
at  an  angle  of  about  40°,  so  that  the  rope  does  not  touch  the  bottom 
of  the  groove.  The  pulley  should  not  be  less  than  30  times  the 
diameter  of  the  rope,  and  a  diameter  of  50  times  is  better. 

There  is  said  to  be  less  risk  of  stoppage  with  cotton  or  hempen 
ropes  than  with  the  usual  flat-leather  belting,  as  the  ropes,  which 
are  worked  at  strains  very  much  below  their  ultimate  strength,  give 
early  warning  of  deterioration  or  coming  fracture ;  and  even  the  break- 
ing of  one  out  of  numerous  ropes  does  not  involve  the  stoppage  of 
the  machinery,  a  new  rope  being  substituted  after  working  hours. 
There  is  the  disadvantage  in  rof)e-transmission  of  this  kind  that  the 
arrangement  usual  with  belting,  of  fast-and-loose  pulleys  for  starting 
and  stopping  the  machinery  cannot  be  adopted,  and  other  means 
have  to  be  used  instead. 

Another  method  of  power-transmission  which  may  be  included  in 
this  category  is  that  by  pitch-chains,  which,  though  not  suitable  for 
the  usual  purposes  to  which  belts  are  applied,  can,  under  certain 
circumstances,  work  effectively  at  low  speeds.  Such  chains  have  no 
slip,  for  each  link  of  the  chain  fits  upon  a  tooth  of  the  sprocket-wheel. 
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and  the  driving  and  receiving  wheels  maintain  a  similar  or  exactly 
proportionate  speed  according  to  the  number  of  teeth  on  each.  In- 
deed, transmission  by  pitch-chains  may  be  considered  as  an  elongated 
system  of  spur-wheels,  with  the  marked  difference,  however,  that  with 
the  pitch-chain,  both  wheels  revolve  the  same  way.  Pitch-chains 
are  sometimes  used,  not  because  they  are  without  slip,  but  because 
in  the  open  air  they  are  more  durable  than  leather  or  rope  belts,  or 
because  they  can  be  used  for  longer  distances ;  in  this  latter  respect 
performing  somewhat  the  same  function  as  a  wire-rope  transmitter, 
presently  to  be  described.  Pitch-chains  are  often  used  in  England 
in  brick-fields  or  other  situations  where  the  work  is  rough,  and  they 
are  used  also  as  conveyors  for  carrying  coal,  ore,  bricks  and  other 
materials.     The  pitch  chains  of  bicyles  afford  another  example. 

Transmission  of  power  by  belting,  including  in  this  term  the  rope 
substitutes  above  described,  is,  as  has  been  already  stated,  limited  to 
short  spaces  ;  and  for  longer  distances  rope  transmission  of  a  different 
kind  becomes  necessary. 
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Wire  rope  is  used  for  the  transmission  of  powej*  where  the 
opportunities  for  belting  end ;  but  for  distances  up  to  100  feet, 
or  even  150  feet,  shafting  is  generally  to  be  preferred.  The 
teledynamic  cables — as  the  endless,  transmitting  ropes  are  called — 
are  of  comparatively  recent  introduction  (few  were  in  operation 
before  i860)  and  have  been  only  rendered  possible  by  the  modern 
invention  of  wire  ropes ;  but  on  a  much  smaller  scale,  and  with  hemp 
or  cotton  ropes,  somewhat  the  same  system  was  at  an  earlier  date 
employed  for  short  distances.  Transmission  by  hemp  or  cotton 
ropes  is  in  this  way  found  convenient  where  the  power-receiving 
machine  is  at  a  varying  distance  from  the  motor.  Thus,  in  a 
travelling  crane,  a  rope  running  from  end  to  end  of  the  staging  or 
gantry  may  be  passed  round  the  wheel  on  a  travelling  bridge,  and 
without  any  alteration  in  length  may  draw  the  bridge  backwards  and 
forwards  at  will.  In  cranes  of  this  sort  it  is  sometimes  undesirable 
or  inconvenient  to  have  workmen  on  the  crane  itself ;  and  the  entire 
working  of  the  winch,  and  the  various  travelling  motions,  may  be 
performed  from  below  by  the  rope  more  conveniently  than  by  shaft- 
ing. Where  the  travelling  crane  is  protected  from  the  weather,  cotton 
or  hempen  ropes  will  suffice,  and  a  rope  %  in.  diameter,  running  at  a 
high  speed,  will  propel  the  travelling  bridge,  the  traversing  winch 
upon  it,  and  lift  weights  up  to  lo  tons  easily  and  quickly.      This 
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method  has,  however,  been  largely  superseded  by  the  use  of  electric 
motors  on  travelling  cranes,  a  method  which  allows  of  varying  speeds. 

Another  example  is  that  of  a  railway  traverser  for  conveying  loco- 
motives or  carriages  across  a  railway  station,  or  a  still  longer  distance 
across  many  lines  of  rails  in  a  station-yard.  A  hempen  rope  \  inch 
diameter,  laid  in  an  open  trough  a  few  inches  below  the  ground  and 
passing  at  one  end  round  a  drum  on  a  motor  shaft,  and,  in  its  course, 
round  a  wheel  on  the  traverser,  will  draw  or  propel  heavy  loads 
smoothly  and  quickly.  Until  about  the  year  1848  the  trains  on  the 
Blackwall  railway  were  drawn  by  long  hempen  ropes  continuously 
nmning.  In  modem  times  the  same  principle  has  been  carried  out 
for  propelling  tramcars  with  wire  rope. 

The  introduction  of  wire  rope,  and  its  adoption  for  the  standing 
I'^gging  of  ships,  for  hauling  wagons  up  inclines,  and  for  winding 
from  mine  shafts,  sufficiently  proved  its  strength  and  endurance  ;  and 
the  application  of  it  for  power-transmission  is  the  logical  outcome 
of  this  experience.  Iron  and  steel  are  strongest  in  the  form  of  wire, 
which,  in  proportion  to  its  diameter  or  sectional  area,  has  a  tensile 
strength  many  times  as  great  as  the  bar  from  which  it  has  been 
drawn.  The  breaking  strain  of  steel  wire  is  at  the  rate  of  from 
60  to  1 20  tons  per  square  inch  of  section.  Several  wires  being  twisted 
into  a  strand,  the  rope  is  generally  formed  by  laying  several  strands 
round  a  hemp  core ;  ropes  or  cables  so  made  having  the  aggregate 
strength  of  all  the  wires,  less  a  diminution  calculated  at  from  5  to  10 
per  cent,  for  loss  by  twisting.  The  exact  strength  and  flexibility  of  a 
wire  rope  depend  upon  the  quality  and  temper  of  the  wire,  and  the 
manner  in  which  it  is  twisted  and  laid ;  and  as  several  varieties  of 
wire  rope  are  made,  the  manufacturer  should  be  informed  of  the 
purpose  for  which  the  rope  is  required,  the  diameter  and  kind  of 
pulleys,  and  the  tension  at  which  it  is  to  be  worked.  An  .iron  rope 
\  inch  diameter  will  bear  from  3  to  4  tons  tension,  and  an  iron  rope 
I  inch  diameter  15  tons  before  breaking;  a  i-inch  steel  rope,  if 
hard,  ^s  for  ships'  rigging,  will  bear  30  tons,  and  if  flexible,  for 
moving  round  pulleys,  about  20  tons ;  one-sixth  being  considered  a 
fair  working  strain. 

The  amount  of  force  or  energy  which  a  rope  will  transmit  in  a 
given  time  depends  upon  its  tension  multiplied  by  its  velocity,  the 
foot-pound  units  so  ascertained  corresponding  to  a  certain  horse- 
power. It  is  the  application  of  this  principle  which  forms  the  basis 
of  the   teledynamic   cable   system.     Ropes  of  small    diameter  are 
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Utilised  by  ninning  them  quickly,  the  desired  speed  being  obtained  by 
making  the  transmitting  pulleys  on  the  motor  shafts  of  large  diameter. 
In  practice  the  pulleys  are  of  all  sizes  to  15  feet,  and  cables  of  from 
J  inch  to  \  inch  diameter,  with  speeds  of  from  3000  to  5000  feet  per 
minute  (about  30  to  50  miles  per  hour)  transmit  any  required  force  up 
to  400  horse-power.  As  the  rope  is  subjected  to  a  strain  from  flexure 
as  it  passes  round  pulleys,  and  as  it  has,  moreover,  to  sustain  the 
weight  of  its  own  catenary  when  suspended,  the  tension  from  these 
causes  must  be  deducted  before  the  effective  strains  can  be  arrived  at. 
The  amount  of  non-effective  tension  depends  on  the  diameter  of  the 
rope  and  that  of  the  pulley,  and  on  the  length  of  the  spans.  The 
power  is  taken  by  the  rope  passing  round  a  grooved  pulley  of  large 
Mode  of  working,   diameter  on  the  motor  shaft,  and,  like  a  belt,  transmitting  the  force  to 

another  pulley  at  a  distance.  The  pulley  to  which  the  force  is  thus 
transmitted  has  a  second  groove  upon  it  from  which  another  rope 
conveys  the  power  onwards  to  a  third  shaft,  and  so  on  by  a  succession 
of  stages  for  a  mile  or  more.  In  the  most  notable  examples  of  this 
system,  the  total  distance  varies  from  a  \  mile  to  i  mile ;  but 
it  has  been  calculated,  on  the  basis  of  experience  already  acquired, 
that  120  horse-power  could  be  transmitted  12  miles  with  a  loss 
only  of  one-fourth  in  the  process.  Difficulties  connected  with  right- 
of-way,  and  the  protecting  and  keeping  in  repair  so  many  moving 
parts  extended  so  far,  render  the  opportunities  for  such  long 
transmission  rare,  and  2  miles  would  be  generally  the  practicable 
limit. 

The  separate  spans  vary  from  300  to  500  feet,  and  though  it  is  not 
easy  to  determine  the  maximum  space  which  would  be  practicable, 
it  would  certainly  not  be  less  than  600  feet.  But,  while  long  spans 
like  these  are  feasible,  there  is  necessarily  a  considerable  deflection  or 
sag,  and  if  the  rope  be  not  high  enough  to  clear  the  ground,  idle 
pulleys  or  rollers  must  be  placed  as  intermediate  supports.  Power  is 
thus  conveyed  long  distances,  not  only  horizontally,  but  up  and  down 
hill  (though  the  weight  of  the  cable  limits  the  ascent),  across  rivers 
and  ravines,  and  even  through  water.  Cases  arise  where  the  power 
of  a  steam-engine  may  with  advantage  be  thus  transmitted  to  a 
distance,  but  the  system  finds  its  chief  application  in  utilising  the 
natural  force  of  water  by  transmitting  it  to  a  convenient  place. 
Power  from  a  waterfall  or  rapid  is  sometimes  conducted  down  stream 
by  conduits  or  pipes  laid  parallel  to  the  river ;  but  by  wire  ropes  the 
power  can,  if  necessary,  be  taken  up  stream  or  across  it.     Wheels  or 
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turbines  having  been  first  employed  to  develop  the  power,  elec- 
tricity, wire-rope,  compressed-air  and  high-pressure  water  are  all 
utilised  for  transmission,  according  to  the  purpose  for  which  the 
power  is  to  be  applied  and  other  local  circumstances. 

The  whole  question  of  power-transmission  has  attracted  most 
attention  in  Switzerland,  where  waterfalls  and  rapid  rivers  abound ; 
but  where,  in  most  cases,  the  site  and  immediate  vicinity  of  the  fall 
are  not  suitable  for  factories.  At  Oberusel,  near  Frankfort,  the  motive 
power  of  a  waterfall  263  feet  high  is  utilised ;  and  about  100  horse- 
power is  transmitted  by  wire  ropes  more  than  3000  feet  horizontally 
and  145  feet  downwards,  in  spans  of  about  400  feet.  At  SchafT- 
hausen  the  current  of  the  river  Rhine  is  utilised  by  turbines  of  more 
than  700  horse-power,  and  the  power  is  transmitted  by  wire  ropes  to 
numerous  factories.  At  Fribourg,  situated  on  the  Saone  (a  branch 
of  the  Air) ;  at  Bellegarde,  where  the  Perte  du  Rhone  represents 
probably  a  force  of  2000  horse-power;  and  at  Zurich,  where  the 
lake  discharges  by  the  river  Limath,  the  natural  forces  of  the  water- 
flow  have  been  utilised  and  transmitted  by  wire  ropes ;  the  system 
having  in  these  cases  a  particular  value  owing  to  the  dearness  of 
fuel  for  steam-engines. 

Wire-rope  transmission  has  proved  useful  also  for  collecting  power 
from  different  sources  to  one  common  centre,  an  inversion  of  the  dis- 
tributing principle  described  above.  Thus  at  Kehlhof,  in  the  Toess 
Valley,  a  cotton-spinning  factory  derives  power  from  an  adjoining 
waterfall ;  but  this  being  insufficient,  the  force  developed  by  a  turbine 
from  another  fall  nearly  a  mile  lower  down  on  the  same  river,  is 
brought  back  to  the  factory  by  wire-rope  to  supplement  the  local 
power. 

In  Switzerland  power-transmission  by  the  wire-rope  system  was 
undertaken  by  private  persons  or  companies ;  and  in  some  cases, 
especially  when  allied  with  a  water-supply  scheme — by  the  municipal 
authorities.  The  power  has  been  leased  or  sold  to  factory  owners 
and  craftsmen  of  various  sorts ;  but  the  various  associations  which 
have  been  established  for  this  purpose  have  not  reaped  the  anticipated 
profit,  not  on  account  of  engineering  errors  either  in  the  water-motors 
or  rope-transmissions,  but  from  economical  mistakes  in  the  extent  of 
the  works,  the  capital  outlay,  and  the  expected  earnings.  The  mere 
creation  of  powerful  motors  and  the  distribution  of  power  at  low 
prices  will  not  at  once  transform  an  isolated  locality  into  an  indus- 
trial centre,  for  many  other  conditions  are  necessary  to  success. 
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The  price  paid  for  power  from  the  wire-rope  stations  ranges  from 
120  fr.  to  150  fr.  per  horse-power  per  annum;  and,  in  some  cases 
where  local  transmission-shafting  for  bringing  the  power  to  the  out- 
side of  the  factory  of  the  hirer  is  supplied,  an  additional  charge  of 
about  30  fr.  per  horse-power  per  annum  is  made.  The  turbines  and 
wire  rope  run  twelve  working  hours  per  day,  and  are  stopped  during 
the  night,  on  Sundays,  and  on  four  holidays  in  the  year,  to  afford 
opportunities  for  repair.  If  necessary  for  important  alterations  or 
repairs,  stoppage  to  the  extent  of  twenty  working  days  per  annum 
may  be  made  without  compensation  to  the  hirers ;  but  beyond  this 
a  rebate  in  the  rent  may  be  claimed  by  them. 

Transmission  by  wire  rope  as  described  in  the  preceding  pages, 
found  its  best  developments  in  the  years  1860-90.  Since  1890, 
however,  the  alternative  of  power-transmission  by  electricity  has  to 
a  large  extent  superseded  it. 


The  various  means  of  transmitting  power  which  were  summa- 
rised on  pages  480-81  having  now  been  described,  it  may  again  be  said, 
in  conclusion,  that  no  comparison  between  different  methods  can  be 
established  for  general  application,  and  that  a  choice  between  them  in 
any  particular  case  can  only  be  made  after  consideration  of  all  the 
circumstances  enumerated  on  page  480,  full  information  about  which 
should  be  furnished  to  those  concerned. 


[5^^^  tf/j(?  Factories  :  Steam-Engines  :  Machine  Tools.] 


CHAPTER   XX. 

THE  COMMERCE   IN   COAL,   IRON,   AND   STEEL. 

Engineers  are  concerned  in    Theuinofcoi 
theusesofCftf/invariousways,      t^^'m" 
but  mainly  for  the  evaporation  /"f  jjt- 

of  water  in  steam-boilers ;  the 
smelting  of  ores  ;  the  melting,  St/tf  i>*- 
puddling,  and  other  processes 
of  iron-making  ;  the  making 
of  steel ;  and  the  production 
of  illuminating  gas.  For  these  iw/Af  =*'■ 
very  different  purposes,  each 
kind  of  coal  has  its  particu- 
lar value.  The  comparative 
powers  of  the  different  kinds 
consumed  in  generating  steam  Co*i  Un 

are  generally  expressed  by  the  number  of  pounds  of  water  which  are 
evaporated  by  the  combustion  of  one  pound  of  coal,  and  the  power 
and  value  of  coal  in  this  respect  mainly  depend  upon  the  amount  of       Sn/ati  sji. 
carbon  and  hydrogen  it  possesses.     One  pound  of  English  coal  wilt     coai  vi.ri»  in 
evaporate  from  6  lbs.  ton  lbs.  of  water,  and  with  limits  so  wide  the        '"power."' 
proper  choice  of  coal  is  evidently  a  subject  of  great  importance. 

For  the  melting  of  ores  and  metals,  the  comparative  values  of      Coal  uwd  for 
different  kinds  of  coal  cannot  be  so  easily  defined  as  in  either  water    ""   mcuiir  '" 
evaporation  or  gas-making.     Although  the  strength  and  other  quali- 
ties of  iron  and  steel  which  determine  their  value  vary  greatly,  the 
chemical  differences  which  produce  these  qualities  are  minute,  and 
depend  to  a  considerable  extent  on  the  qualities  of  the  fuel  with 
which  the  metals  are  brought  into  contact.  Coal  has  usually  to  be  coked     CoUni  of  toil, 
before  it  can  be  used  with  advantage  in  a  blast  furnace  or  foundry  ^"J^"ii('&-s3 
cupola,  and  its  suitability  for  this  process,  as  well  as  its  calorific  or 
melting  power,  goes  far  to  determine  its  value.     All  coal  and  coke 
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contain  sulphur,  and  for  most  metallurgic  processes  the  degree  of 
impurity  in  this  respect  is  of  great  importance. 

For  the  production  of  illuminating  gas,  the  calorific  power  of  coal 
is  not  of  primary  consequence  ;  the  volatile  matter  contained  by  the 
coal,  and  which  is  given  out  in  a  profitable  form  as  gas,  being  the 
measure  of  value.  English  coal  yields  from  7,000  to  14,000  feet  of 
gas  per  ton,  and  has  a  value  for  gas-making  accordingly,  although 
of  course  the  purity  and  illuminating  power,  and  the  amount  of  the 
residual  coke,  are  also  to  be  taken  into  account. 

It  is  not  possible  to  classify  exactly  the  different  kinds  of  coal,  nor 
indeed  can  it  be  positively  determined  what  minerals  may  be  included 
in  the  generic  appellation  coal.  The  various  kinds  found  in  the 
United  Kingdom  may,  however,  be  broadly  divided  into  Bituminous^ 
Anthracite^  and  Cannely  though  it  would  be  more  correct  to  call  many 
of  the  kinds  semi-bituminous  or  semi-anthracite. 

Bituminous  coal,  which  is  the  most  abundant  in  Great  Britain,  and 
which  may  for  the  present  purpose  be  said  to  include  all  coal  not 
in  the  other  two  classes,  is  found  in  almost  all  the  coal  districts, 
and  although  it  varies  very  much,  it  is  used  for  all  the  purposes 
named  above.  It  is  from  a  particular  kind  of  bituminous  coal,  only 
found  in  certain  districts,  that  most  of  the  coke  used  in  iron-smelting 
is  made. 

Anthracite  codX  is  smokeless,  and  is  useful  for  special  purposes,  but 
such  anthracite  coal  as  is  found  in  the  United  States  is  not  by 
English  users  considered  so  suitable  as  English  coal  for  any  of  the 
purposes  enumerated  on  page  527.  But  in  America  it  is  used  as 
fuel  for  smelting  iron,  for  which  purposes  its  hardness  renders  it 
suitable  without  coking.  When  used  for  other  purposes  where  there 
in  no  blast,  special  arrangements  for  creating  a  strong  draught  are 
necessary,  but  when  once  well  kindled  it  will,  if  the  draught  be 
regulated,  give  economical  results.  The  smokelessness  of  anthra- 
cite coal  and  its  freedom  from  dust  are  advantages  which  go  far 
to  compensate  for  drawbacks  in  other  respects.  Much  of  the 
steam  coal  of  South  Wales'  may  be  classed  as  semi-anthracite,  and 
is  particularly  valuable  for  use  in  steam-boilers,  as  in  proportion 
to  its  bulk  or  weight  it  will  evaporate  more  water  than  any  other 
kind. .  It  has  its  highest  value  in  steam-ships,  where  economy  of 
stowage  space  is  important.  As,  however,  it  is  slower  of  combustion 
than  the  more  bituminous  coal,  and  requires  a  strong  draught, 
in  some  cases  it  is   found   expedient   to  mix   it  with  the  latter  to 
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assist  combustion.  Owing  to  the  small  quantity  of  sulphur  in  semi- 
anthracite  coal,  it  is  useful  as  fuel  for  making  certain  kinds  of  iron 
and  steel,  its  hardness  being  no  obstacle  to  its  use  where  combustion 
is  stimulated  by  the  blast  of  a  furnace.  The  Welsh  anthracite  is 
also  used  on  river  steamers  in  England  because  of  its  smoklessness, 
and  is  for  the  same  reason  used  for  boilers,  bakers'  ovens,  and  other 
purposes  in  large  towns  where  there  are  municipal  regulations  against 
smoke.  Its  freedom  from  sulphur  causes  it  to  be  used  as  the  best 
fuel  in  malt-kilns.  On  the  other  hand,  as  it  evolves,  when  carbon- 
ised, but  little  volatile  matter,  it  has  hardly  any  value  compared  with 
other  English  coal  for  making  illuminating  gas. 

Canml  coal,  well  known  by  its  hard  smooth  texture,  and  best  ob- 
tained in  the  district  of  Wigan  and  Newcastle,  and  the  Boghead  coal 
of  similar  kind  found  in  some  parts  of  Scotland,  have  their  highest 
value  for  gas-making,  as  they  will  give  out  gas  about  20  per  cent, 
more  in  quantity  than  that  from  bituminous  coal,  and  of  higher 
illuminated  power. 

Pat:nt  fuel  is  made  from  the  small  slack  and  dust  which  is 
screened  from  the  larger  coal,  compressed,  sometimes  with  clay, 
but  generally  with  some  bituminous  compound,  by  hydraulic 
power  into  rectangular  blocks.  This  coal  generally  sells  for  about 
one  shilling  per  ton  more  than  the  ordinary  coal,  and  it  has  the 
advantage  of  stowing  compactly,  and  of  being  easily  handled.  In 
England  its  use  is  confined  almost  entirely  to  steam-ships,  and,  if 
compared  with  ordinary  coal  for  such  purposes,  it  is  generally  con- 
sidered slightly  inferior  to  coal  from  the  same  mine,  the  convenience 
in  stowage  being  its  chief  recommendation.  Engineers,  however, 
are  not  agreed  on  this  subject.  Patent  fuel  is  largely  used  in  the 
locomotives  of  French  and  Belgian  railways ;  and  on  a  few  of  the 
American  railways  patent  fuel  made  from  the  dust  of  anthracite  coal 
is  used. 

Coal  is  exported  in  large  quantities  from  Great  Britain  to  Conti- 
nental countries  for  almost  all  the  purposes — smelting,  gas-making, 
steam-generating — to  which  such  fuel  is  applied,  and  no  export  duty 
nor  legislative  restriction  of  any  kind  hinders  the  foreign  purchaser  who 
finds  he  can  buy  in  Great  Britain  to  advantage ;  and  many  of  the 
foreign  countries  which  impose  high  duties  on  British  manufactures, 
admit  coal  almost  entirely  free  of  duty  as  an  essential  aid  to  their  own 
industries.  It  is  not  the  mere  abundance  of  coal  in  Great  Britain 
which  renders  it  so  cheap  for  use  abroad,  but  its  contiguity  to  the  sea- 
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board  and  the  unrivalled  facilities  for  shipment  and  cheap  sea-carriage 
which  are  available.  Thus,  it  is  cheaper  to  purchase  English  coal 
and  carry  it  across  the  ocean  to  South  America  for  use  there  in 
steamers  and  for  gas-making,  than  to  dig  it  from  the  Brazilian  mines, 
and  carry  it  one-hundredth  part  of  the  distance  along  bad  roads.  So 
also,  large  quantities  of  English  coal  have  been  taken  to  India,  for 
use  there  on  railways  and  steam-ships;  for  although  coal  abounds 
in  India,  and  may  in  some  districts  even  be  bought  at  low  prices  with 
moderate  rates  for  carriage,  yet  it  is  often  dearer  than  imported  coal 
when  measured  by  quality  as  well  as  by  price. 

The  principal  coal-shipping  ports  in  Great  Britain  are  Newcastle- 
on-Tyne,  which  is  so  near  to  the  famous  Northumberland  collieries 
that  much  of  the  coal  is  put  directly  on  board  the  ships  from  the 
colliery  wagons,  with  but  trifling  cost  of  railway  transit ;  Sunderland, 
at  the  mouth  of  the  Wear,  and  Hartlepool,  which  are  equally  well 
situated  for  the  Durham  coal-fields  and  the  famous  Durham  coke ; 
the  Bristol  Channel  ports  of  Cardiff,  Swansea,  Llanelly,  and  Newport, 
where  the  steam  coal  of  South  Wales  is  shipped,  and  where  the  pits 
are  situated  within  three  to  twenty  miles  of  the  sea ;  Liverpool,  where 
Lancashire  and  Yorkshire  coal  is  sent  for  export ;  Birkenhead  (in- 
cluded in  the  port  of  Liverpool),  to  which  the  railways  from  the 
Cheshire  and  North  Wales  collieries  converge ;  Hull,  Grimsby,  and 
Goole,  the  principal  ports  from  which  the  steam  coal  known  as  South 
Yorkshire  and  the  Bamsley  thick-seam  is  despatched ;  Glasgow, 
Greenock,  Leith,  and  Granton,  the  chief  ports  for  the  Glasgow 
hard  splint  coal ;  and  Boness,  on  the  Forth,  where  the  mines  of 
cannel  coal  are  actually  by  and  under  the  sea. 

In  1878  the  total  export  from  Great  Britain  was  15  J  million  tons. 
In  1888  the  total  production  of  coal  in  the  United  Kingdom  was 
162  millions  of  tons,  and  of  this,  23 J  million  tons  were  exported,  of 
which  approximately  the  following  proportions  were  shipped  from 
the  above  districts  : — 

4J  million  tons  from  the  Tyne. 


loi 
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Bristol  Channel  ports. 

Sunderland  and  Hartlepool. 

Hull  and  other  Yorkshire  ports. 

Liverpool  and  adjoining  ports. 

Scotland. 

Patent  fuel  from  all  parts  540,000  tons. 
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In  the  year  1894  the  total  export  reached  3 if  millions  of  tons,  of 
which  i6f  millions  were  shipped  from  Bristol  Channel  ports.  In 
1895  ^^  ^0^1  production  of  British  collieries  was  190  millions  of 
tons,  of  which  43  millions  were  exported. 

The  above  quantities  are  exclusive  of  the  coal  and  patent  fuel  taken 
in  the  bunkers  of  foreign-going  steamers  for  use  during  the  voyage, 
and  also  of  coal  carried  coastwise. 

At  the  principal  coal-shipping  ports  the  facilities  for  loading  vessels 
are  very  complete,  as  by  means  of  well-arranged  docks,  railways, 
inclined  planes,  hoists,  cranes,  and  shoots,  the  ships  are  not  only  loaded 
expeditiously  and  cheaply,  but  with  the  minimum  damage  to  the  coal. 
Coal  is  necessarily  broken  during  the  process  of  shipment,  but  great 
ingenuity  has  been  exercised  to  prevent  it.  Instead  of  allowing  the 
coal  to  fall  from  the  shoots  a  considerable  distance  to  the  hold,  the 
shoots  are  in  some  cases  adjusted  to  allow  of  a  moderate  fall  at  all 
levels  of  the  tide  or  cargo ;  and  in  others  the  coal  is  lowered  in 
boxes  or  wagons,  which  are  emptied  only  when  they  reach  the 
accumulating  heap  of  coal  in  the  hold.  If  all  tlie  elements  of  expense, 
including  that  of  demurrage  on  vessels  lying  idle,  be  taken  into 
account,  it  will  be  found  that  the  cost  of  shipment  is  represented  by 
pence  per  ton,  where  formerly  shillings  were  expended. 

Coal  broken  in  shipment  is  not  only  rendered  less  valuable,  but 
becomes  specially  liable  to  spontaneous  combustion  and  gas  explo- 
sion during  the  voyage.  The  large  number  of  coal-laden  vessels  lost 
annually  from  this  cause  has  had  the  effect  of  raising  the  rates  of 
insurance,  and  even  of  disinclining  some  shipowners  from  coal  cargoes 
altogether.  Much  stress  has  been  laid  upon  the  importance  of  venti- 
lating the  cargo,  and  to  the  neglect  of  this  precaution  most  of  the 
losses  have  been  attributed.  But  by  careful  and  exhaustive  inquiry 
it  has  been  ascertained  that  by  ventilating  the  mass  of  the  cargo,  com- 
bustion is  promoted,  as  the  air  so  admitted  makes  the  gases  more 
inflammable.  The  precautions  really  necessary  for  the  safety  of  coal 
cargoes  are  : 

1.  The  avoiding  of  certain  descriptions  of  coal,  which  are  intrin- 
sically dangerous  for  long  voyages. 

2.  The  prevention  of  breakage  in  the  passage  of  the  coal  from 
the  mine  to  the  ship's  hold. 

3.  Care  in  avoiding  the  shipment  while  in  a  wet  condition  of 
coals  containing  a  large  quantity  of  pyrites  (all  coal  contains  more  or 
less). 

2  M  2 


Export  in  x894-'5. 


Exclusive  of 
bunker  coal. 


Facilities  for 
shipment. 

Se*  Ckanbs, 
A»^8o5. 


Coal  broken  in 
loading. 


Precautions  to 
avoid  breakage. 


Saving  in 
expense. 


Risk  of  ignition 

and  explosion  on 

shipboard. 


Ventilation  of  coal 
in  the  hold. 


Erroneous 
precautions. 


Proper 
precautions. 


Pyrites. 


532  Mathesons  Aid  Book.  [Chap.  XX. 

Ventilation  of  4.  The  ventilation  of  the  surface  of  the  coal  in  the  hold  so  as  to 

allow  the  escape  of  gas,  while  avoiding  the  admittance  of  atmospheric 
air  to  the  mass  of  the  coal. 

Where  the  expense  of  carriage  from  the  collieries  to  the  place  of 
Choice  of  coal      consumption  differs  very  much  for  different  kinds  of  coal,  it  is  not 
locality.  always  advantageous  to  buy  the  better  kinds ;  and  at  each  place, 

according  to  its  locality  and  the  cost  of  carriage  from  the  various 
collieries,  must  the  choice  be  made.     Economy  is  sought  sometimes 
Cheapness  sought  by  mixing  different  kinds  of  coal  together.     Thus  at  gas-works,  in  the 
XrGA^woRKs.      vicinity  of  which  bituminous  coal  is  obtained,  the  engineer  will  use 
P^gf  M^  cannel  sparingly,  and  will  probably  arrive  by  experience  at  a  com- 

bination of  the  two  kinds  which,  as  regards  the  outlay  for  coal  and 
the  quantity  and  quality  of  the  gas,  will  give  the  most  advantageous 
results.     So  also  in  steam-ships,  if  loading  at  Newcastle  or  South 
Wales,  a  mixture  of  different  local  kinds  may  be  selected,  or  at  a 
coaling  station  a  mixture  of  Newcastle  and  Welsh  coal  may  recom- 
mend  itself  as   cheapest ;  the   question  being   determined   by   the 
suitability  of  the  furnaces  for  particular  kinds,  the  importance  of 
maintaining  high  speed,  and  other  circumstances.     But  for  use  in  a 
Choice  for  export,  foreign  country,  far  from  any  source  of  supply,  it  may  be  stated  as  an 
The  best  is        almost  invariable  rule  that  the  best  coal  of  its  kind  should  be  im- 
c  eapes  .         ported.     The  freight  and  charges  may  amount  to  two  or  three  times 
Freight  and       the  first  price  of  the  coal,  and  it  is  obviously  advantageous  under 
^  ^'^to  J{5^™**°    such  circumstances  to  purchase  only  the  best.     Coal,  which  will  evapo- 
rate 10  per  cent,  more  water  than  another  kind,  or  which  will  produce 
10  per  cent,  more  illuminating  gas,  will  have  found  in  England  its  level 
in  price  and  be  10  per  cent,  dearer.     If  this  10  per  cent,  represents 
at  the  port  of  shipment  if.  per  ton  difference  in  price  and  the  cost 
of  freight  is  double  the  price  of  the  coal,  this  superiority  which  has 
been  purchased  for  is.  is  at  the  port  of  arrival  equal  to  ^s.  per  ton. 
Screening  of  coal.   For  the  Same  rcasons  the  coal  should  be  shipped  in  the  best  order, 

and  in  addition  to  the  usual  screening  at  the  colliery,  which  is  con- 
sidered necessary  for  home  consumption,  a  small  extra  price  is  some- 
times paid  at  Welsh  ports  (though  very  rarely  on  the  T)nie)  for  a 
Double  screening,  second  Screening  at  the  place  of  shipment.     But,  though  this  extra 

screening  may  be  of  advantage  to  coal  shipped  as  merchandise  and 

to  be  discharged  and  stored  for  re-sale,  the  expense  is  of  doubtful 

Where  expedient,    expediency  for  coal  to  be  consumed  on  board,  and  especially  if  the 

coal  be  hard. 

In  selecting  coal  for  use  abroad,  not  only  its  quality  for  the  ulti- 
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mate  purpose  has  to  be  considered,  but  its  fitness  for  sea-carriage,  the 
stowage-space  it  will  occupy,  and  its  suitability  for  storing.  Some 
coal  is  softer  or  more  friable  than  others ;  and  the  loading,  the 
rolling  of  the  ship,  and  the  discharging  at  the  port  of  arrival, 
break  it  up  and  reduce  its  value.  And,  as  coals  differ  considerably 
in  the  stowage-space  they  occupy,  a  ship  of  certain  capacity  will  take 
more  of  one  kind  than  another,  the  differences  between  various  kinds 
being — in  proportion  to  their  weight — as  much  as  20  per  cent. 
Some  of  the  Welsh  coals  occupy  only  7^%  cubic  feet  to  the  ton,  but 
shippers  generally  reckon  that  a  space  of  from  42  to  45  cubic  feet  is 
occupied  by  each  ton  of  coals,  and  it  is  not  till  a  ton  can  be  stowed 
into  40  cubic  feet  that  the  ship's  space  is  most  profitably  occupied. 
Shipowners  naturally  prefer  the  heavier  coals,  which,  when  all  the 
space  is  occupied,  will  have  brought  the  vessel  down  to  its  proper 
water-line  and  afford  the  greatest  freight  remuneration.  Gas  coals 
are,  as  a  rule,  heavier  than  steam  coals.  Coal  is  liable  to  a  loss  of 
effective  power  by  voyaging  and  by  storage  in  hot  climates  ;  and  as 
the  deterioration  varies  with  the  kind  of  coal,  it  is  important  to  take 
this  also  into  account.  For  instance,  the  Welsh  steam  coal,  which 
may  be  best  for  immediate  use  on  board  a  steamer,  will  lose  more  of 
its  calorific  power  by  storage  in  a  hot  climate  than  will  bituminous 
coal,  and  therefore  the  supplies  sent  to  certain  coaling  stations  are 
often  selected  from  the  more  bituminous  of  the  Welsh  coals,  which 
are  not  of  the  highest  value  at  the  port  of  shipment. 

Where  the  place  of  consumption  is  far  from  the  source  of  supply, 
it  is  expedient  to  keep  a  sufficient  stock  in  advance  as  a  safeguard 
against  possible  delays  in  the  arrival  of  a  fresh  supply.  This  course 
is  especially  necessary  where  no  other  fuel  can  be  obtained  to  supply 
a  temporary  want;  therefore  at  important  coaling  stations  and  at 
foreign  gas-works,  coal  is  generally  stored  in  large  quantities ;  and  at 
most  foreign  ports  there  are  merchants  who  keep  a  stock  of  coal  to 
sell  to  all  comers. 

As  coal  is  constantly  fluctuating  in  price,  and  occasionally  is  sub- 
ject to  great  variations,  the  trade,  for  those  who  are  obliged  to  buy 
in  advance,  is  somewhat  speculative ;  but  apart  from  such  fluctuations, 
and  equally  important  to  the  consumer  abroad,  are  the  variations  in 
the  cost  of  sea-carriage.  Some  of  the  causes  which  determine  freight 
have  been  already  alluded  to,  and  the  purchaser  of  coal  for  export 
has  to  watch  these  closely.  The  naval  authorities,  steam-ship  owners, 
foreign  railway  and  gas  companies,  and  others  abroad  who  require 
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British  coal,  make  bargains  for  several  months  or  sometimes  even 
Contracts  in  years  in  advance ;  and  both  in  regard  to  the  price  at  the  port  of  ship- 
ment and  the  cost  of  freight,  the  purchaser,  the  coal  proprietor,  and 
the  ship-owner  alike  have  to  estimate  the  probable  prices  during  the 
period,  and  in  the  terms  of  their  bargain  discount  the  future  accord- 
ingly. But  there  are  constantly  occurring  opportunities  for  shipping 
Speculative        coal  profitably.     As  at  those  foreign  ports  to  which  British  ships  are 

•hipmenta.  «    •        i  i      «  i  i*         •      • 

sent  coal  is  always  a  saleable  commodity,  it  is  a  common  practice 
among  ship-owners,  ship-brokers,  or  merchants,  when  there  is  a  lack 
of  more  profitable  cargo,  to  fill  up  the  vacant  space  in  the  hold  with 
coal,  in  the  certainty  that,  whatever  the  current  price  of  coal  at  the 
port  of  discharge  may  be,  some  profit  or  freight  remuneration  will 
remain  beyond  the  cost  of  the  coal  in  Great  Britain,  which  will  be 
Small  quantities    better  than  havincr  taken  ballast.     Small  quantities  of  from  20  to  100 

aa  ballast  cargoes.  ...  . 

tons  are  often  taken  m  this  way ;  but  in  such  cases  friable  coal,  such 
^s  was  referred  to  on  page  532,  should  be  specially  avoided,  as  with 
other  cargo  placed  above,  it  is  specially  likely  to  arrive  at  its  desti- 
nation broken  and  ground  to  pieces.     Indeed  the  liability  to  damage 

Part  cargoes  fetch  in  shipment,  transit,  and  unloading  is  so  great  that  part  cargoes  of 

on  y  ow  pnces.    ^^^^  always  fetch  a  less  price  per  ton  at  the  port  of  arrival  than  entire 

cargoes  of  coal.  Often,  also,  when  there  is  a  likelihood  of  profitable 
homeward  cargoes,  merchants,  in  the  absence  of  any  special  demand 
for  other  commodities,  will  send  out  as  a  venture  a  ship  laden  with 
coal ;  and  the  agents  in  Great  Britain  of  coal  users  abroad  are  gene- 
rally empowered  to  charter  such  ships  whenever  the  total  price — 
cost,  freight,  and  insurance — can  be  brought  below  a  certain  agreed 
sum. 
Coat  of  coal  In  establishing  a  line  of  steam-ships  or  a  gas-works,  or  in  conduct- 

*"*undertak?ng8*"^  ing  any  enterprise  in  a  foreign  country  which  involves  great  con- 
sumption of  coal,  the  certainty  of  a  supply  at  a  cost  which  may  be 
approximately  estimated  beforehand  is  a  question  of  the  first  im- 
portance.    When  British  coal  is  required,  and  the  port  of  arrival  is 

Coal-ship  charters,  well  frequented,  the  local  conditions  which  may  affect  the  freight  or 

terms  of  chartering  are  sure  to  be  known  by  those  concerned ;  but 

if  the  port  is  a  new  one,  or  only  suitable  for  certain  kinds  of  vessels. 

Rates  of  freight,    full  particulars  concerning  harbour  accommodation,  dues,  facilities  for 

how  determined.       ,.     ,  i      i  /•  11  /• 

discharge,  and  chance  of  return  cargo,  are  necessary  to  allow  of  a 
vessel  being  chartered  on  favourable  terms. 
Measure  of  weight         Coals  have  been  occasionally,  in  Newcastle  and  neigbouring  ports, 

sold  by  the  "  keel "  of  424  cwt.,  but  are  now  sold  there  as  elsewhere. 
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by  the  ton  of  2240  lbs.;  and  the  seller  is  by  the  custom  of  the 
trade  supposed  to  give  slightly  in  excess,  so  as  to  cover  errors  in  . 
weighing.    In  the  United  States  the  ton  of  2000  lbs.  is  usually  adopted. 
The  coal  is  rarely  weighed  at  the  port  of  discharge  (the  tonnage  and  Weighing  of  coal, 
draught  of  the  vessel  giving  a  near  indication  of  the  weight),  the  buyer 
generally  agreeing  to  take  the  bill-of-lading  quantity  as  correct  with- 
out weighing,  subject  sometimes  to  a  deduction  to  cover  mistakes.     Allowances  for 
The  amount  to  be  deducted  is  a  matter  of  bargain,  2  per  cent,  being 
a  usual  allowance.     In  other  cases,  captains  will  not  sign  bills-of- 
lading  for  precise  quantities  which  they  have  not  been  able  to  verify, 
but  will  only  sign  for  "  quantity  unknown,  all  in  the  ship  to  be  de- 
livered."    Coal  is  sometimes  taken  improperly  from  the  cargo  during  Coai  for  ship's  use 
the  voyage  for  use  in  cooking  or  for  other  purposes,  and  a  store  is  °^* 

even  put  by  for  the  return  voyage.  It  is  therefore  generally  stipu- 
lated that  the  captain  shall  buy  a  certain  quantity  of  the  cargo  at  an 
agreed  price,  or  that  the  ship  shall  carry  a  specified  quantity  for  her 
own  consumption  stowed  apart  from  the  general  cargo,  and  in  the 
case  of  steamers,  a  special  agreement  is  made  concerning  the  bunker 
coal. 

When  coal  is  to  be  purchased  in  Great  Britain  for  use  in  a  foreign  circumstances  on 
coimtry,  all  the  circumstances  of  the  case  should  be  communicated      coal  depends, 
to  those  who  have  to  choose  the  coal.     If  for  generating  steam,  a 
description  of  the  boiler;  if  for  gas,  the  kind  and  size  of  retorts, 
methods  of  purification  adopted,  the  quantity  of  gas  required  from  a 
specified  number  of  retorts  in  a  given  time,  and  the  conditions  in       Stepage^ifl, 
regard  to  illuminating  power  and  purity  which  are  imposed ;  if  for 
smelting  ore  or  melting  metals,  an  analysis  of  the  ore  or  metal  should 
be  furnished,  with  a  description  of  the  furnace  and  the  blast ;  if  for 
puddling,  steel-making,  or  other  metallurgical  operations,  the  nature 
of  the  material  to  be  treated,  the  kind  of  apparatus,  the  process,  and 
the  results  desired  should  be  given.     Whatever  the  use  to  which  the 
coal  is  to  be  applied,  it  is  important  to  have  a  description,  with  prices,    comparison  with 
of  any  local  fuel  available,  so  that  not  only  may  the  expediency  of     °*?ocat°ftief."** 
mixing  the  local  and  imported  coal  be  considered,  and  the  selection 
of  the  latter  be  modified  to  suit  such  a  combination,  but  also  that  the 
total  outlay  for  purchase,  carriage,  and  insurance  may  be  set  against 
the  cost  of  local  fuel,  and  a  comparative  measure  of  value  arrived  at. 

Coke  is  used  principally  in  the  smelting  of  iron,  for  which  purpose  Coke, 

most  English  coal  is  unsuitable,  because  it  swells  and  cakes  together, 
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Why  and  where    prevents  the  regular  descent  of  the  ore,  and  does  not  allow  the  free 

.  passage  of  the  blast.     These  conditions  apply  particularly  to  the  rich 

bituminous  coals  which,  when  coked,  are  the  best  for  smelting ;  and 

As  superior  to      the  superiority  of  coke  to  coal  justifies  the  expense  of  the  intermediary 

coal.  /•         1  • 

process  of  makmg  it. 

Various  kinds  of  Coke  is  of  various  kinds,  and  there  are  numerous  methods  of 

^^  **  making  it ;    but  it  may  be  broadly  divided  into  two  classes,  i.e.  coke 

Gas-coke  inferior,  made  at  gas-works,  where  it  is  the  residuum  of  coal  after  the  main 

^^x'aA^aso!      object  of  extracting  illuminating  gas  has  been  accomplished;   and 

coke  made  directly  for  its  own  sake.     In  the  first  case  the  coal  is 

generally  selected  for  the  quantity  and  quality  of  illuminating  gas 

How  made.        which  can  be  obtained ;  the  process  of  coking  is  also  directed  towards 

these  results ;  and  the  coke  is  less  in  quantity  and  value  than  that 
produced  from  coal  selected  purposely  for  coke-making.      For  ex- 
tracting gas,  coal  is  placed  in  closed  retorts,  to  which  heat  is  applied 
Unsuitable  for     outside :  and  the  residual  coke  is  light  and  quite  unsuitable  for  the 

melting- furnaces.  ,  .  ^  .  ,  •  . 

smelting  of  ironstone  or  the  re-melting  of  iron  in  the  foundry,  for  it 
is  not  strong  enough  to  bear  without  crumbling  either  the  burden  in 
the  furnace  or  the  intense  blast  by  which  the  fire  is  stimulated.    Such 

Uses  for  gas  coke,  coke  is  used  as  fuel  for  open  smithy  fires,  for  the  heating  of  buildings, 

often  also  for  domestic  purposes,  and  is  largely  consumed  in  towns 
and  places  where  smoke  is  prohibited.  In  London  enormous  quan- 
tities of  coke  are  made  at  the  various  gas-works  in  and  about  the 
See  page  zso*        metropolis,  and  more  than  half  of  it  is  used  in  the  manufacture  of 

Portland  cement.     The  value  of  gas  coke  is  determined  by  that  of 

Value  depends  on  Other  fuel  in  the  locality,  with  which  it  has  often  a  forced  competition, 

that  of  other  fuel.  ,  •       ,.       •  ,  r  > 

and  in  districts  where  coal  is  cheap  it  has  even  happened  that  the 
coke  has  been  disposed  of  only  by  giving  part  of  it  gratis  to  whoever 
would  fetch  it  from  the  gas-works. 
Qualities  of  coke  The  exigencies  of  smelting,  and  the  scientific  precision  with  which 

for  iron  and  steel       n    ^i  ...  .  %  t  -  111 

making.  all  the  Operations  in  iron  and   steel   making  are  conducted,  have 

elucidated  the  qualities  which  are  necessary ;  not  only  strength  and 
combustibility  being  important  qualities,  but  freedom  from  impurities, 
particularly  sulphur,  which  has  an  ill  effect  upon  the  metal  brought 
in  contact  with  it.  It  is  usual  for  certain  purposes  to  improve  coke 
by  crushing  it  and — if  the  coke  be  of  inferior  quality  in  this  respect 
— washing  it  with  water,  the  latter  process  ridding  it  of  much  of  the 
Sulphur  in  coke,    sulphur   it   possesses.      In   other   cases  the   coal  is  washed   before 

coking.     In  coal  suited  for  the  production  of  coke  a  combination  of 
qualities  is  needed  not  often  met  with,  and  in  the  United  Kingdom 
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the  best  kind  of  coking  coal  is  obtained  in  the  Durham  district,  where 
much  of  the  rich  bituminous  coal  affords  good  coke,  and  in  a  certain 
limited  part  of  the  South  Wales  district,  where  a  peculiar  bituminous 
anthracite  is  found.  Coke  is  made  in  other  coal  and  iron  districts, 
but  though  occasionally  used  for  smelting  where,  because  of  long 
carriage,  the  better  coke  is  expensive,  its  use  is  as  far  as  possible 
confined  to  metallurgic  processes  other  than  melting  and  not  requiring 
a  strong  blast. 

The  various  qualities  of  coke  are  mainly  exhibited  in  difference  of 
density,  colour  and  combustibility.  According  to  the  kind  of  coal 
and  manner  of  coking,  the  quantity,  by  weight,  of  coke  produced 
ranges  from  60  to  80  per  cent,  of  the  coal  treated.  As  an  average, 
it  may  be  stated  that  coal  when  coked  loses  one-fourth  in  weight  and 
gains  one-fourth  in  bulk.  These  proportions  do  not  apply  to  gas 
coke  made  from  cannel,  which  is  much  lighter. 

From  I  to  ij^  tons  of  coke  are  consumed  in  the  production  of 
I  ton  of  pig-iron  from  ore,  and  in  a  foundry  cupola  from  150  lbs.  to 
350  lbs.  of  coke  is  necessary  for  re-melting  i  ton  of  pig-iron,  the 
exact  quantity  being  determined  by  the  quality  of  the  coke,  that  of 
the  ore  or  iron,  the  nature  of  the  blast,  and  the  skill  in  the  arrange- 
ment and  management  of  the  furnace  or  cupola. 

Coke  was  at  one  time  largely  used  in  the  furnaces  of  locomotives, 
as  it  afforded  a  more  concentrated  heat  than  coal,  and  was  much 
more  easily  managed.  It  has  been  found,  however,  that  by  suitable 
fire-boxes  and  by  more  continuous  and  careful  stoking,  coal,  which  is 
cheaper  than  coke,  can  be  used  with  advantage,  while  the  steam  blast 
in  the  chimney  destroys  most  of  the  black  smoke  which  is  caused 
by  the  use  of  coal.  Most  of  the  railways  which  established  coking- 
ovens  have  abandoned  them,  and  the  quantity  used  in  locomotives  is 
very  small  as  compared  with  coal. 

Coke  is  almost  always  sold  by  weight ;  but  as,  owing  to  its  extreme 
porosity,  it  will  absorb  much  moisture,  the  quantity  of  water  it  may 
contain  is  an  important  consideration  in  determining  its  value  when 
weighed.  Coke  is  occasionally  sold  by  measure  of  bulk,  the  chaldron 
of  36  bushels  being  the  unit  employed  in  England ;  from  13  to  14  cwt. 
per  chaldron  being  a[)proximately  the  weight  of  good  coke,  the  density 
or  weight  going  far  to  determine  the  value  of  the  coke  as  fuel  for 
melting.  The  price  fluctuates  not  only  with  that  of  coal  but  also  with 
the  briskness  of  the  iron  and  the  steel  trades ;  and  in  busy  times  prices 
are  proportionately  higher,  and  the  profits  of  coke-burning  greater. 


Durham  coke. 
See  cUto  page  386. 

Welsh  coke. 


Differences  of 
kind. 


Weight  and  bulk. 


Quantity  of  coke 

needed  to  smelt 

and  melt  iron. 

See  pat^e  386. 


Coke  as  fuel  for 
locomotives. 


Now  superseded 
by  coal. 


Coke  sold  by 
weight. 


Sold  by  bulk. 
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Export.  Considerable  quantities  of  coke  are  exported  to  Spain,  Russia,  and 

Seepage  530.       other  Continental  ports  for  foundry  use,  and  also  for  smelting  ore ; 

for  though  smelting  is  seldom  carried  on  with  profit,  except  in  coun- 
tries where  coal  is  plentiful  and  coke  can  be  produced  near  the 
collieries  or  furnaces,  coke  is  occasionally  imported  for  the  smelting 
of  local  ore  in  countries  where  the  protective  duties  hinder  the 
competition  of  iron  made  elsewhere  under  more  natural  and  more 
Quantity  exported  favourable  Conditions.      The   export   of  coke   beyond   Europe   is 

very  small,  India  and  South  America  taking  the  most,  for  use  in 
the  melting  of  foundry-iron  and  for  other  purposes  in  engineering 
factories. 

The  sea  freight  of  coke  is  charged  by  the  ton  of  20  cwt.,  but  the 
rates  are  higher  than  for  coal,  because  of  the  greater  space  occupied. 
But  there  is  no  fixed  proportion  between  the  weight  of  coal  and  coke 
occupying  the  same  space;  for  coal  varies  much,  and  coke  much 
more.  The  "  keel "  of  coke  used  sometimes,  though  now  very  rarely, 
as  a  measure  of  freight  on  the  Tyne,  is  by  custom  accepted  as  equal 
to  1 1  tons,  while  the  keel  of  coal  equals  2 1  ^  tons. 


Sea  freight  of 
coke. 


Weight  and 

measurement  of 

coke. 


Pig-iron. 
See  alto  page  382. 


Varieties  in  kind. 


Cold-blast  and 
hot-blast  iron. 


Small  proportion 
of  cold  blast. 

Seepage  549. 


Seepage  541. 

Inferior  iron 

produced  by 

hot  blast. 


Fig'iroriy  as  the  immediate  product  of  the  ore-smelting  furnace,  is 
iron  in  the  first  stage  of  manufacture,  rolled  or  malleable  iron  being 
obtained  by  after  processes.  There  are  great  differences  in  pig-iron, 
caused  primarily  by  the  quality  of  the  ore,  and  then  by  the  kind  of 
fuel  and  the  mode  of  smelting ;  and  certain  districts  have,  because  of 
the  ore  and  fuel  there  obtainable,  and  the  methods  of  making,  become 
associated  with  certain  kinds  of  pig-iron.  The  principal  difference  in 
process  is  that  between  the  cold-blast  and  the  hot-blast  iron.  By  the 
latter  much  less  coal,  even  allowing  for  that  consumed  in  heating  the 
blast,  is  required  to  melt  the  iron,  and  the  melting  is  much  quicker. 
Except  for  special  purposes,  such  as  for  "chilled"  rolls,  steam 
cylinders  and  other  special  castings  where  hardness  and  strength 
are  required,  or  for  the  making  of  high-class  mealleable  iron  of  the 
Famley  or  Lowmoor  kind,  the  cold  blast  is  seldom  used,  and  probably 
not  more  than  2  per  cent,  of  the  blast  furnaces  in  the  United 
Kingdom  are  so  worked.  Cold-blast  iron  costs  about  double  hot- 
blast  iron,  and  has  a  strength,  as  measured  on  an  ordinary  test  bar, 
from  20  to  30  per  cent,  greater.  But  although  the  hot  blast  is  applied 
so  skilfully  as  to  have  overcome  prejudices  which  at  first  existed 
against  it,  and  though  high-quality  pig-iron  can  be  produced  by  it  from 
suitable  ore,  the  extreme  power  of  the  hot  blast,  when  applied  to 
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inferior  ore  undoubtedly  produces  iron  mingled  with  impurities  which 
the  cold  blast  would  have  left  behind  in  the  form  of  dross  and  slag. 

The  best  irons  are  made  in  South  Shropshire,  Staffordshire, 
Derbyshire,  South  Yorkshire,  Lancashire,  and  Lanarkshire,  while  the 
greatest  quantity  is  made  in  the  Cleveland  district.  The  name  of 
the  district  is  not,  however,  so  sure  a  guide  to  quality  as  formerly, 
for  the  exhaustion  of  mines  in  some  places,  the  opening  out  of  new 
mines,  the  facilities  for  carriage  from  one  iron-producing  district  to 
another,  and  the  demand  for  low-priced  castings  and  for  cheaper 
malleable  iron,  have  entirely  altered  the  traditional  customs  of  the 
iron  trade.  In  South  Staffordshire,  which  formerly  was  the 
principal  centre,  many  of  the  mines  have  been  so  far  worked  out 
that  the  cost  of  getting  the  ore  is  too  expensive,  and  inferior 
ores  are  brought  from  other  counties  to  mix  with  the  local 
sorts.  In  Scotland,  also,  although  the  reputation  of  particular  kinds 
or  brands  has  been  generally  maintained,  the  relative  excellence  of 
different  brands  varies  from  time  to  time.  The  constituent  parts  of 
the  ore  are  liable  to  variation  as  mines  are  further  explored  or  new 
mines  become  associated  with  existing  brands ;  and  as,  moreover,  the 
management  of  the  blast  furnaces  is  occasionally  modified,  such 
changes  are  accounted  for.  The  greatest  innovation  in  the  Scotch 
districts  is  the  import  thither  of  the  cheaper  Cleveland  iron,  this 
commerce  having  attained  enormous  proportions.  On  the  other 
hand,  Scotch,  haematite,  and  other  high-quality  irons  are  imported 
into  the  Cleveland  district  to  mix  with  the  local  iron  when  high  tests 
are  demanded.  Large  quantities  of  Spanish  ore  are  imported  into 
England  for  steel-making. 

The  iron-making  advantages  in  Cleveland  are  the  abundance  of  the 
ore,  the  nature  of  the  deposit  which  cheapens  the  cost  of  getting,  and 
the  close  contiguity  of  coal  and  limestone.  These  advantages  were 
developed  by  the  skilful  application  of  the  hot  blast ;  but  the  trade 
could  never  have  attained  its  subsequent  proportions  had  it  not  been 
also  for  the  unequalled  facilities  for  shipment ;  this  combination  being 
more  favourable  than  that  of  any  other  iron-making  district  in  the 
world.  Cleveland  iron  is  generally  sold  at  a  much  lower  price  than 
that  from  other  of  the  principal  districts,  and  therefore  commands 
a  vast  sale,  notwithstanding  its  moderate  quality;  this  lower  price 
being  remunerative  to  the  makers,  because  it  is  all  applicable  to  the 
expenses  of  manufacture,  without  deduction  for  inland  carriage.  In 
the  future,  however,  the  iron  of  Alabama  and  Tennessee,  in  the  United 


Iron  districts. 
See  t^so  paf^  380. 


Local  qualities 
altered. 


Mines  exhausted. 


Mixture  of  ores. 


Iron  varies  though 
brand  remains. 


Cleveland  iron 

mixed  >vith 

Scotch. 


Seepage  383. 


Local  advantages 
of  Cleveland. 


Shipping  facilities. 


Iron  sold  at  low 
prices. 


See  Page  i^y 


540 


Mathesofis  Aid  Book. 


[Chap.  XX. 


Quality  of  Scotch 
iron. 
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Castings  made 
from  mixed  iron. 


Quality  often 
disregarded. 
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good. 


Deterioration  of 
English  iron. 


States,  where   there  are   similar  advantages,   will  rival   the  cheap 
English  iron  in  neutral  markets. 

There  are  three  principal  uses  for  pig-iron ;  for  re-melting  in  the 
Foundry,  for  making  wrought  or  malleable  iron  by  Puddling,  and  for 
converting  into  Steel.  For  use  in  the  foundry,  expensive  cold-blast 
iron  is  sometimes  mixed  with  other  or  inferior  irons  to  improve  their 
quality,  and  for  particular  purposes  it  may  even  be  used  alone. 
The  best  of  the  Scotch  irons  are  much  stronger  than  the  cheaper 
English  irons,  and  are  also  distinguished  by  fineness  of  texture, 
the  metal  setting  when  cold  into  small  crystals,  which  favour  the 
casting  in  the  foundry  of  thin  and  sharply-defined  forms  difficult  of 
attainment  with  the  iron  from  other  districts.  Thin  rain-water  gut- 
ters, fire-ranges  and  light  ornamental  castings  are  for  these  reasons 
made  with  advantage  in  Scotland ;  and  Scotch  pig-iron  is  sent  to  all 
parts  of  the  country  for  mixing  with  local  kinds.  Much  skill  has  been 
exercised  by  the  Scotch  founders  in  making  castings  of  the  accus- 
tomed kind  and  form  from  the  cheaper  mixture  of  Cleveland  with 
Scotch  iron,  but  castings  so  made  have  not  the  quality  which  their 
appearance  may  indicate.  Tenacity  and  toughness  are  the  qualities 
most  needed  in  cast  iron,  but  for  a  large  proportion  of  iron  castings 
neither  superior  strength  nor  fineness  is  deemed  of  great  importance 
by  purchasers,  because  the  size  and  thickness  of  the  castings  may  be 
so  far  in  excess  of  what  would  be  necessary  to  resist  (with  a  consider- 
able margin  of  safety)  the  strains  which  will  come  upon  them,  that 
the  inferior  quality  is  never  detected  or  is  considered  of  no  conse- 
quence ;  sometimes,  also,  secondary  reasons  are  the  cause.  Archi- 
tectural outline,  the  difficulty  of  casting  large  thin  pieces,  a  thickness 
to  allow  for  safety  in  carriage  or  for  the  wasting  by  rust,  are,  rather 
than  any  precise  strain  to  be  borne,  the  circumstances  which  often 
guide  the  designer,  who  gives  more  thickness  than  would  be  necessary 
for  the  ultimate  purpose  if  good  quality  iron  were  used.  For  cast- 
ings exposed  only  to  compression,  the  strength  in  this  respect  of  even 
the  commonest  pig-iron  may  be  sufficient.  And  even  in  such  cast- 
ings as  girders,  and  long  columns,  exposed  to  transverse  strains,  archi- 
tects and  engineers  often  consider  it  easier  to  allow  ample  form  and 
thickness  than  to  incur  the  trouble  and  expense  of  tests  necessary  to 
ensure  a  good  quality.  It  is  to  this  indifference,  and  to  the  measuring 
of  cheapness  by  price  alone,  that  the  degradation  of  quality  which 
has  undoubtedly  taken  place  in  some  kinds  of  English  pig-iron  is 
mainly  due.     For  the  parts  of  engines  or  machinery,  for  pipes  subject 
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to  high  pressure,  and  for  other  uses  where  the  iron  is  exposed  to  ^**Pipks, 
active  and  percussive  strains,  the  higher  qualities  become  of  vital 
consequence.  For  purposes  such  as  these,  if  there  is  any  doubt  of 
the  quality,  the  tenacity  or  resistance  to  tension  of  the  iron  should  be  Tenacity  of  iron, 
tested.  From  5  to  14  tons  per  square  inch  of  sectional  area  are  the 
wide  limits  of  strain  which  different  kinds  of  cast-iron  will  endure. 
Resistance  beyond  8  tons  may  be  considered  as  exceptional,  it  being 
obtained  by  special  methods  for  particular  purposes,  such  as  for  guns. 
For  the  iron  of  commerce  a  tenacity  of  from  5  to  8  tons  is  usual,  and 
some  strain  between  6  and  7  tons  is  often  specified  as  a  minimum. 
Up  to  a  strain  of  2^  tons  there  should  be  no  loss  of  elasticity,  i.e. 
of  the  power  of  recovery  to  the  original  form  when  the  strain  is 
removed.  A  working  strain  of  2  tons  for  iron  of  ordinary  quality  is 
safe  for  steady  loads,  but  where  the  iron  will  be  subjected  to  percus- 
sion, only  I  ton  should  be  allowed.  A  usual  method  adopted  by  Method  of  testing, 
engineers  for  testing  cast  iron,  is  to  try  it  in  the  form  of  a  girder  or 
beam,  from  the  centre  of  which  is  suspended  a  weight,  the  load  which 
is  borne  before  fracture  denoting  the  tenacity  and  toughness.  A 
solid  bar  of  rectangular  section  2  inches  deep,  i  inch  wide,  and  3  feet 
6  inches  long,  is  generally  employed  as  a  standard  size  convenient 
for  comparison.  The  bar  is  laid  on  bearings  3  feet  apart  and  loaded 
in  the  middle  till  it  breaks;  from  22  to  36  cwt.  expressing  the  wide 
range  of  quality  in  British-made  irons :  a  strength  beyond  32  cwt., 
though  sometimes  obtained,  being  outside  the  ordinary  range  of  the 
irons  of  commerce.  The  lower  load  generally  indicates  that  the  iron 
has  been  made  from  one  inferior  ore,  or  that  there  has  been  a  large 
admixture  of  cinder  iron,  puddling-fumace  slag,  or  similar  refuse, 
which  by  the  aid  of  the  hot  blast  can  be  converted  into  pig-iron. 
A  breaking  load  of  25  cwt.  can  be  usually  endured  by  bars  made 
from  ordinary  pig-iron,  and  this  quality  is  sufficient  for  thick  columns, 
short  stanchions,  or  similar  castings,  exposed  mostly  to  compression. 
A  test  load  of  28  cwt.  is  often  adopted  by  engineers,  because  while  it 
ensures  a  superior  quality  it  is  not  so  high  as  to  limit  greatly  the 
competition  in  the  supply.  There  are  few  kinds  of  hot-blast  pig- 
iron  made  from  any  one  kind  of  ore,  which  when  re-cast  will  endure 
28  cwt.  on  the  test  bar,  but  by  the  judicious  mixture  of  two  or 
more  kinds  30  cwt.  may  be  attained ;  and  this  load  is  often  specified 
for  high-pressure  pipes  or  machinery  castings.  Higher  tests  may 
be  obtained  from  cold-blast  pig-iron,  or  from  certain  mixtures,  but 
these   are    seldom    demanded    except    for    special    purposes,  as   it 
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Exceptionally      generally  costs  more  than  the  mere  comparison  by  extra  strength 

high  tests. 

would  justify. 

But  while  for  a  home  trade  the  cheapest  pig-iron  may  find  the 

readiest  sale,  the  conditions  are  greatly  altered  when   pig-iron  is 

Pig-iron  for       bought  for  export  to  distant  countries.    Cleveland  pig-iron  is  exported 

in  large  quantities  from  England  to  the  Continent  for  manufacture 

into  rolled  iron,  and  haematite  pig-iron  is  exported  for  steel-making, 

Foundry  iron.      but  Scotch  iron  is  generally  chosen  for  export  for  foundry  purposes 

to  countries  beyond  Europe.     The  choice  of  pig-iron  for  export  is 

determined  greatly  by  the  contiguity  of  particular  districts  to  the 

Inland-made  iron   port  of  shipment,  and  it  is  because  the  cost  of  inland  carriage  bears 

burdened  with       r  r  >  ~o 

carriage  to  port,    a  high  proportion  to  the  value  of  the  iron  and  to  the  sea  freight,  that 

the  products  of  the  blast  furnaces  in  the  Midland  districts  cannot 
compete  with  iron  made  on  the  sea-board.  This  limits  greatly  the 
export  of  pig-iron  from  Staffordshire,  Derbyshire,  and  South  York- 
shire, and  gives  a  corresponding  advantage  to  the  Cleveland  and 

Freight  charges    Scotch  irons.     As,  however,  the   cost  of  freight,   duty  and   other 

common  to  all         .  ...  j  l  •   ,  ,  , 

kinds.  charges  m  the  importing  country  are  assessed  by  weight,  and  as  these 

expenses  are  in  the  aggregate  great  in  proportion  to  the  first  cost  of 
so  cheap  a  commodity  as  pig-iron,  it  is  evidently  undesirable  to 
attempt  a  saving  by  choosing  an  inferior  kind,  unless — for  the  pur- 
Best  is  cheapest,    posc  in  view — the  quality  is  of  very  little  importance.     Thus,  while 
See^ge^^.       \^  would  be  wasteful  to  buy  high-quality  pig-iron  for  casting  into 

fire-bars   or  balance-weights,  it   is  generally  profitable  to  select  a 

good  quality  for   engineers'   foundry  purposes.     Scotch  pig-iron  is 

Imported  iron      frequently  imported  into  foreign  countries  to  mix  with  native  iron  of 

mixed  with  scrap    •    /•     •  t*.  j      i         •  '^.i^  _^    •  j 

or  native  iron,     mfenor  quality,  and  also  m  many  cases  with  scrap  cast  iron,  and 

high-priced  cold-blast  iron  is  also  bought  in  small  quantities.     The 
•  quality  of  the  local  irons  of  course  goes  far  to  determine  the  kind 

of  imported  iron  to  be  selected.  The  kind  of  castings  to  be  made, 
the  cost  of  freight,  the  duty  and  how  it  is  assessed,  are  also  important 
incidents  to  be  considered. 

Engineers  and  iron-founders  who  import  pig-iron  naturally  acquire 
Special  kinds      by  experience  a  knowledge  of  their  comparative  values ;  and  those 

who  are  thus  informed  regularly  specify  the  brands  which  they  con- 
sider will  suit  them  best.  But  for  the  reasons  already  stated,  the 
quality  of  iron  produced  in  any  particular  district  is  liable  to  variation ; 
and  a  knowledge  of  these  changes  and  the  ability  to  take  advantage 
of  them,  are  niceties  which  pertain  to  those  who  confine  themselves 
especially  to  this  one  branch  of  the  iron  trade. 
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Pig-iron  of  special  quality,  such  as  the  haematite  from  Cumber- 
land, is  exported  for  steel-making;  and  this  metal  is  sometimes 
sent  out  in  the  form  of  ingot-moulds  to  steel  works,  because  of  its 
ultimate  value  as  scrap-iron  for  remelting  when  it  has  served  its  first 
purpose. 

Complete  cargoes  of  pig-iron  are  conveyed  coastwise  and  to  Con- 
tinental ports;  and  powerful,  strongly-built  steamers  are  specially 
constructed  for  carrying  such  dead-weight  cargoes ;  while  for  ocean 
voyages,  sailing  vessels  are  most  often  employed.  But  an  entire 
cargo  of  pig-iron  involves  high  rates  of  insurance,  especially  in  winter 
seasons.  Pig-iron  is  often  utilised  as  weight  or  ballast  cargo  at  the 
bottom  of  a  vessel  which  is  to  carry  lighter  merchandise  above,  and 
small  quantities  of  to  to  50  tons  are  often  shipped  to  complete  or 
adjust  a  miscellaneous  cargo.  A  shipload  composed  of  pig-iron  at 
the  bottom,  and  coal  or  coke  above,  is  not  uncommon,  especially  in 
sailing  vessels. 

Pigs  of  iron  weigh  from  80  lbs.  to  112  lbs.  each,  and,  as  pre- 
paratory to  melting  or  for  convenience  in  inlaid  carriage,  can  be 
broken  by  a  sharp  blow  with  a  sledge  hammer,  a  small  steam-hammer 
being  sometimes  provided  for  the  purpose  where  the  quantity  is  large 
and  frequent.  For  making  into  malleable  cast  iron  and  other  pur- 
poses where  the  melting  is  performed  in  crucibles,  light.pigs  of  from 
20  lbs.  to  60  lbs.  are  usual. 


HKinatite  iron. 
See/agr  381. 

Infot-moulds. 
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Weight  of  iron 
pigs. 


Rolled  iron. 


Subdivisions  of 
manufacture. 


Rolled  iron  (called  malleable  iron  in  some  districts)  as  used  by 
engineers  may  be  divided  into  the  following  classes : — Rails,  plates, 
sheets,  bars,  L  bars,  T  bars,  channel  u  bars,  I  joists,  Z  iron,  bulb 
iron,  hoops ;  numerous  other  special  forms  of  iron  being  made  for 
various  purposes.  The  natural  tendency  of  trades  towards  sub- 
division takes  effect  in  the  iron  trade  as  elsewhere,  and  each  of  the 
classes  enumerated  above  forms  a  specialty  of  manufacture  separate 
from  the  other ;  for  although  certain  makers  do  at  the  same  works 
roll  bars  and  plates,  or  joists  and  L  bars,  yet,  owing  to  various 
economical  reasons,  such  as  the  contiguity  of  suitable  materials, 
facilities  for  delivery  to  the  consumer,  and  other  circumstances,  the 
great  bulk  of  each  class  is  made  at  those  works  where  little  else  than 
two  or  three  of  the  various  classes  are  produced. 

The  trade  has  undergone  great  changes  since  i860,  partly  owing     Changes  in  the 

,  .  .         ,  ^  -  iron  trade. 

to  alterations   or   improvements  in   the  processes   of  manufacture,   se€%iBx.upoze  ss'^ 
partly  also  to  the  new  localities  into  which  the  trade  has  spread,  but 
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above  all  by  the  growing  use  of  Steel,  which  so  largely  supersedes  iron. 
The  ironworks  which  have  been  established  in  Germany,  France,  and 
Belgium,  not  only  produce  what  had  formerly  to  be  imported  thither 
from  England,  but  compete  with  them  in  supplying  other  countries. 
The  trade-marks  or  brands  of  old-established  makers  in  England 
still,  however,  maintain  their  reputation,  and — by  the  protection  they 
afford  to  purchasers,  especially  to  those  abroad,  who  have  found  by 
experience  what  quality  is  associated  with  these  brands — command  a 
higher  price  than  iron  unmarked  or  with  brands  of  less  repute.  This 
difference  in  price  is,  in  effect,  a  bonus  or  a  premium  of  insurance 
paid  by  the  purchaser  to  avoid  doubt  as  to  what  he  is  buying.  But 
although  a  preference  is  still  shown  for  the  iron  of  particular  makers, 
the  localities  having  traditional  reputation  can  no  longer  maintain  as 
exclusively  as  formerly  the  monopoly  they  have  had  in  the  manu- 
facture of  iron,  and  the  condition  of  quality  as  ascertained  by  specific 
tests  tends  to  put  different  makers  on  a  level.  Terms  such  as 
"  Best,"  "  Best  Best,"  "  Best  Staffordshire,"  though  they  may  convey 
a  definition  of  quality  to  those  immediately  concerned,  and  in  regard 
to  the  iron  supplied  by  well-known  makers,  are  not  accepted  as 
sufficient,  by  purchasers  generally. 

Another  condition  of  the  trade  in  rolled  iron,  which  is  becoming 
gradually  altered,  is  that  of  "  extras."  The  current  rates  for  rolled 
iron  are  based  on  certain  accustomed  conditions  as  to  shape,  dimen- 
sions, and  weight  of  each  piece.  If  anything  outside  or  different  from 
these  conditions  is  required  by  the  purchaser,  extra  prices  are  charged 
which  in  some  cases  bear  a  high  proportion  to  the  nominal  cost  of 
the  iron.  Makers  have  each  their  own  rules,  and  there  is  a 
general  uniformity  throughout  each  district,  though  the  rules  in  the 
different  districts  such  as  "  Staffordshire  "  or  "  North  Country  "  do  not 
exactly  coincide.  As  improved  or  more  powerful  machinery  is  estab- 
lished, the  limits  within  which  the  ordinary  current  prices  prevail  are 
extended,  and  in  several  instances  Continental  makers  have  led  the 
way  in  such  concessions.  The  rules  which  apply  in  regard  to  extras 
are  approximately  stated  on  pages  551  to  555  against  each  kind  of 
iron,  but  these  rules  are  subject  to  variation  in  special  cases,  for 
although  price-lists  are  printed  and  rules  established  for  extras,  an 
ironmaster  will  not  always  offer  such  low  rates  in  a  price-current  or 
in  answer  to  a  general  inquiry,  as  he  will  when  he  has  presented  to 
him  a  specification  containing  the  sizes,  quantities,  and  quality  of  iron 
actually  required,  with  the  periods  and  conditions  of  delivery  and 
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payment.  He  is  then  able  to  judge  how  far  such  an  order  will  suit 
him  at  the  particular  time ;  and  if  it  is  suitable,  or  if  it  be  a  large 
order,  or  if  his  works  are  not  well  employed,  then  in  many  cases  he 
will  relax  the  ordinary  rules,  and  offer  prices  more  favourable  to  the  Rules  as  to  extras, 
purchaser  than  the  mere  current  price  and  the  nominal  regulations  as 
to  extras  would  afford.  It  is  the  function  of  the  iron  merchant  or  Functions  of  iron 
factor  to  act  upon  these  circumstances,  and  where  a  miscellaneous  factors, 

list  of  plates,  bars,  or  other  kinds  of  iron  is  presented  by  a  purchaser, 
to  divide  it,  and  to  obtain  each  kind  from  the  manufacturer  best  able 
to  supply  it.  An  acquaintance  with  the  capacity  of  different  rolling- 
mills,  and  with  the  special  facilities  of  each  for  making  large,  long, 
small,  or  heavy  pieces,  often  enables  the  factor  to  supply  a  purchaser 
more  favourably  than  can  any  one  manufacturer. 

The  tests  of  rolled  iron  are  generally  directed  towards  ascertain-    Qualities  of  iron 
ing  tenacity,  toughness  and   ductility.     The   tenacity  or   power  of 
resistance   against   tension   is   in    England   and   the   United  States   Tensile  strength, 
expressed  in  pounds  or  tons  per  square  inch  of  sectional  area  of  the      o^  ™«  • 
piece  operated  on  (on  the  Continent  in  kilogrammes  per  millimetre), 
and  the  different  qualities  of  iron  rolled  in  England  have  a  minimum 
strength  of  17  tons  per  square  inch  (26*7  kilogrammes  per  milli- 
metre) and  a  maximum  of  25   tons  per  square  inch.     The  elastic 
limit  of  the  iron  is,  however,  that  which   determines  its  value  for 
most  purposes,  as  after  the  strain  on  iron  passes  beyond  this  point, 
permanent  distortion  and  rapid  extension  take  place.     The  ///////  of    Elastic  limit  in 
elasticity,  as  it  is  called,  is  that  amount  of  strain  which  the  iron  will 
undergo  and  still  return  to  its  original  length  when  the  strain  is  with- 
drawn ;  and  this  limit  varies  from  30  to  50  per  cent,  of  the  breaking     About  one-haif 
strain.     Thus,  an  iron  bar  which  will  withstand  22  tons  per  square  "**  * 

inch  before  fracture,  will,  if  it  be  of  good  quality,  return  to  its  original 
length  after  a  strain  of  10  or  1 1  tons  has  been  imposed.  After  this 
limit  of  elasticity  has  been  reached,  what  is  cdAXtd.  permanent  set  com- 
mences, and  the  iron  does  not  return.  The  ductility  of  the  iron  is  Ductility  of  iron, 
shown  by  its  elongation  under  tension,  and  in  a  piece  of  iron  one 
foot  long  pulled  asunder  this  elongation  varies  from  J  in.  to  2^  in. 
The  percentage  of  elongation  is  greatest  in  short  test  pieces.  For 
ordinary  structural  purposes  from  J  to  i  in.  elongation  per  foot  Usual  ductility, 
denotes  a  suitable  quality,  but  from  iron  piled,  hammered  and  rolled 
from  good  scrap-iron,  or  otherwise  specially  prepared,  2  in.  or  more 
is  obtainable.  A  greater  ductility  is  not  desirable  for  most  pur- 
poses, if  the  iron,  is  tough  and  elastic  enough  to  withstand  sudden  or 
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percussive  strains  without  fracture.  There  are  other  methods  of  ascer- 
taining the  quality  of  the  iron,  the  choice  of  test  being  determined 
by  the  purpose  for  which  the  iron  is  to  be  used.  Thus,  for  the 
shackles  and  draw-hooks  of  railway  trains,  and  for  pit  cages  in  mines 
where  life  is  at  stake,  iron  is  preferred  to  steel  by  many  engineers. 
It  is  for  such  purposes  that  "  Best  Yorkshire  "  iron,  such  as  Famley 
or  Lowmoor,  is  used,  at  a  cost  about  double  that  of  good  ordinary 
iron. 

A  blacksmith  will,  by  breaking  or  bending  iron,  soon  ascertain 
whether  it  is  suitable  for  his  purpose,  tests  of  this  kind  being  some- 
times specified  either  exclusively  or  in  addition  to  tensile  strains. 
The  process  of  making  horse-shoes  is  generally  considered  a  fair 
test  of  quality,  the  bending,  shearing,  fullering  (cutting  close  to 
the  side),  punching  of  nail-holes,  and  other  manipulation  of  the  iron 
revealing  any  hidden  seams  or  cracks;  the  same  result  occurring 
in  the  numerous  engineering  forgings  where  flanging,  bending  and 
side-cutting  are  necessary.  It  may  be  said  that  a  tensile  test  unac- 
companied by  other  conditions  is  misleading,  as  extreme  strength  in 
this  respect  may  be  obtained  from  brittle  iron  having  a  low  elastic 
limit.  As  above  mentioned,  the  percentage  of  elongation  varies  with 
the  length  of  the  test  pieces,  and  some  engineers  generally  prefer  to 
measure  the  ductility  of  rolled  iron  by  the  reduction  of  sectional  area 
which  the  stretching  causes  at  the  place  of  fracture,  and  from  5  to  20 
per  cent,  is  the  reduction  from  the  original  area  which  the  different 
forms  of  iron  rolled  for  structural  purposes  exhibit.  In  England,  for 
the  highest  quality  of  structural  ironwork,  the  following  tests  are 
specified ;  but  in  most  cases,  the  test  specified  for  L  iron  is  considered 
sufficient  for  the  bar-iron  also. 


Tcn&ion. 


Tons  per 
fcq.  in. 

Bar-iron       23     . 

Angle-iron 22 

Plates  (along  the  fibre)  21 

Plates  (across  the  fibre)  18     . 


Kilos,  per 
sq.  mm. 

36' I 

34*6 
28-3 


Reduction  of  area  at 
the  place  of  fracture. 

..     20  per  cent. 

..     10        „ 
•  •       5        >> 


"  Best  Yorkshire  "  bar  iron  (of  sections  not  exceeding  two  square 
inches)  will  endure  24  tons  per  inch,  and  show  a  reduction  of  area  at 
the  place  of  fracture  of  45  to  55  per  cent.  In  thick  bars  which  have 
not  received  so  much  work  in  course  of  manufacture,  the  strength 
and  ductility  are  rather  less,  and  bars  above  5  inches  diameter  made 
under  the  steam  hammer  without  rolling  are  slightly  harder  and  less 
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ductile  than  smaller  sizes  of  rolled  iron.     Best  Yorkshire  iron  weighs 
about  one  per  cent,  more  than  ordinary  iron. 

There  are  some  defects  in  rolled  iron  which  are  obvious  on  inspec- 
tion ;  thus,  cracks  or  seams  may  appear  where  the  iron  laminates, 
showing  that,  in  the  process  of  hammering  and  rolling,  the  various 
pieces  in  the  original  pile  have  not  been  properly  welded,  and  that 
dirt  or  scale  remains  in  the  interstices.  Iron  which  looks  clean  and 
sound  when  cold,  may  reveal  flaws  and  cracks  when  heated  and 
twisted  on  the  anvil.  Some  iron  (generally  owing  to  the  sulphur  it 
contains)  is  "  red-short,"  that  is  to  say,  it  will  not  work  well  when  hot, 
although  when  cold  it  may  have  a  tough  fibre.  Cold-short  iron 
(generally  containing  an  excess  of  phosphorus)  is  brittle  when  cold, 
and  though  it  may  be  worked  successfully  when  hot  by  a  skilful  smith, 
it  is  useless  for  most  engineering  purposes. 

It  is  not  expedient,  for  reasons  already  adduced,  to  export  iron  of 
low  quality ;  but  except  in  special  cases,  such  as  when  the  cost  of 
carriage,  im]X)rt  duty,  or  other  charges  bears  a  high  proportion  to  the 
purchase-money,  and  where,  therefore,  it  is  very  important  that  the 
weight  shall  be  as  low  as  possible,  it  is  not  economical  to  demand  a 
quality  higher  than  is  customary  among  makers  of  repute.  If  specially 
high  qualities  or  exceptional  guarantees  are  insisted  on,  the  number 
of  manufacturers  who  can  and  will  compete  is  reduced,  and  the  extra 
cost  is  more  than  proportionate  to  the  advantage  gained.  In  the 
case  of  wrought- iron  for  structures,  such  as  bridges  and  roofs,  it  may  be 
said  broadly  that  if  tests  more  rigorous  than  those  tabulated  on  page 
546  be  demanded,  an  extra  price  has  to  be  paid,  greater  than  the  extra 
advantage  gained ;  but  if  only  a  higher  breaking  test  be  required,  it 
can  be  satisfied  at  the  expense  of  toughness;  for,  as  just  stated, 
by  suitable  material  and  methods  of  manufacture,  a  strong  iron 
with  a  low  elasticity  may  be  produced  as  cheaply  as  iron  of  more 
moderate  tensile  strength  having  sufficient  toughness.  A  skilful 
iron-maker  can,  if  informed  of  the  purpose  for  which  the  iron  is 
required  and  the  after  treatment  it  is  to  bear,  produce  in  many 
cases,  even  without  extra  cost,  the  quality  which  will  meet  these 
circumstances. 

The  relative  cost  and  selling  price  of  different  kinds  of  rolled  iron 
are  determined  by  various  circumstances.  WHiere  the  demand  for 
any  one  kind  is  very  great,  certain  economies  are  obtainable. 
Rails  are  an  obvious  instance  of  this,  and  so  long  as  thousands  of 
rails  precisely  alike  were  ordered  at  one  time,  every  incident  in  the 
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manufacture  could  be  arranged  in  the  most  economical  manner. 
Steel  has,  however,  entirely  superseded  iron  for  rails. 

Some  forms  of  iron  demand  a  higher  quality  of  raw  material  or 
more  elaborate  or  expensive  working  than  others.  This  is  the  case 
often  with  large  thin  sections.  In  other  cases,  although  more  trouble 
may  have  been  bestowed  on  the  working,  the  shape  or  thickness  may 
not  be  favourable  to  good  results.  Thus,  T  bars,  while  about  £1 
per  ton  dearer  than  L  bars,  are  not — the  original  material  being  equal 
— of  such  good  quality,  because  the  method  of  rolling  T  bars  to  give 
them  their  peculiar  shape  is  not  so  uniform  or  effective  as  in  the  case 
of  L  bars.  The  hammering  and  rolling  necessary  for  plates  is  more 
expensive  than  the  same  process  for  ordinary  bars,  and  the  plates  will 
not  endure  such  high  strains ;  and  as  also  there  is  some  waste  in 
shearing  the  edges  of  the  plates  to  a  clean  and  regular  edge,  they  cost 
from  ;^i  to  j£2  per  ton  more  than  the  bars. 

The  larger  proportion  of  rolled  iron  used  by  engineers  is  made  to 
order  for  each  particular  case,  and  except  for  miscellaneous  smithing 
purposes,  it  is  seldom  kept  in  stock,  either  by  the  maker  of  the  iron 
or  the  user.  Where  the  quantity  required  of  any  one  kind  of  rolled 
iron  is  small,  there  is  sometimes  more  time  and  trouble  expended' 
in  obtaining  it  than  for  a  much  larger  quantity,  because  it  is  not 
always  convenient  at  a  rolling-mill  to  put  the  rolls  of  suitable  patterns 
into  operation.  For  the  same  reason  it  is  desirable  in  making  a 
design,  to  avoid  exceptional  or  peculiar  shapes,  or  even  numerous  sizes 
of  iron.  All  the  usual  sizes  of  round,  square  or  flat  iron  caft  be 
easily  procured,  but  engineers  who  are  furnished  with  the  pattern- 
books  of  iron  merchants  or  makers  are  too  apt  to  consider  that  all 
the  sizes  or  shapes  in  the  book  are  equally  obtainable,  and  in 
quantities  however  small.  But  unless  the  pattern-book  be  quite  new, 
probably  some  of  the  shapes  shown  are  obsolete  or  the  rolls  worn  out. 
In  other  cases,  the  rolls  for  the  exact  pattern  specified  may  exist 
at  only  one  rolling-mill,  or  at  mills  making  only  a  certain  quality,  and 
the  purchaser  may  have  no  option  but  to  agree  to  the  price,  quality  and 
the  period  of  execution  demanded.  An  engineer  in  an  iron  and  steel- 
making  country  can,  as  occasion  arises,  modify  his  design,  or  allow 
some  latitude  in  regard  to  exact  shape  and  size,  so  as  to  meet  these 
difficulties ;  and  an  engineer  or  purchaser  in  an  importing  country 
should  in  ordering  iron  also  allow  some  latitude  in  regard  to  modifi- 
cations. Sometimes  an  engineer,  in  his  endeavour  to  make  his  design 
as  perfect  or  symmetrical  as  possible,  will  adopt  sections  of  iron 
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varying  by  fine  gradations  in  different  parts  of  a  structure,  or  will  hav6 
shapes  exactly  appropriate  to  the  purpose  in  view.  Moreover,  to  add 
to  the  difficulty,  the  quantity  required  of  each  kind  may  be  very  small. 
In  such  a  case,  unless  some  reasonable  departure  from  the  exact  detail 
be  permitted,  much  additional  cost  and  very  greatly  extended  time 
in  execution  will  be  incurred.  If,  however,  the  quantity  required  of 
any  sort  of  rolled  iron  be  large,  any  existing  section  may  be  chosen, 
as  makers  will  be  glad  to  put  in  operation  the  necessary- rolls,  and 
even  to  provide  new  rolls,  which  can  generally  be  made  or  adapted 
at  a  cost  of  from  ;;^2o  to  ;^5o.  In  any  case  it  is  economical  to 
adopt  usual  sizes  of  iron,  and  to  avoid  small  fractional  dimensions  ; 
plates  within  the  limit  of  size  described  on  page  551,  so  as  to  avoid 
extras ;  L  or  T  bars  of  even  figures,  such  dimensions  as  3  x  3,  or  3  x  4, 
or  2th  ^  3i>  being  preferable  to  irregular  or  unequal  sizes,  such  as 
4  X  3f,  and  3  X  2^.  On  the  other  hand,  when  the  exigencies 
of  design  demand  it,  it  is  well  to  take  advantage  of  the  patterns  that 
exist,  and  the  preceding  remarks  are  only  directed  towards  a  pre- 
vention of  unnecessary  expenditure  where  small  quantities  are  required 
and  no  exact  adherence  to  precise  dimensions  is  really  necessary. 

The  different  classes  of  iron  enumerated  on  page  543  may  be 
described  as  follows. 

JRails,  as  forming  a  larger  tonnage  than  any  other  kind  of  rolled 
iron,  might,  up  to  the  year  1875,  ^ave  been  placed  first  in  order  of 
importance,  but  everywhere  the  introduction  of  Steel  rails  has 
terminated  this  branch  of  the  iron  trade.  Rails  are  fully  described 
in  later  pages. 

Plates  are  generally  classified  as  for  boilers,  bridges,  tanks,  and 
ships,  and  their  quality  may  be  broadly  placed  in  the  same  order. 
First  in  quality  come  the  celebrated  Yorkshire  plates  made  at 
Famley,  Lowmoor,  and  other  works  in  the  locality,-  and  these 
stand  apait  from  all  other  kinds.  The  high  quality  of  these  plates  is 
obtained  partly  by  the  use  of  special  material  (refined  cold-blast 
pig-iron),  with  non-sulphurous  coal  and  coke,  and  also  by  the  elabora- 
tion and  care  in  the  manufacture.  These  plates  are  used  for  the  fire- 
boxes of  boilers,  where  the  intense  heat  and  varying  expansion  would 
soon  destroy  inferior  iron  ;  for  the  entire  substance  of  small  boilers 
bent  to  sharp  curves  or  subject  to  high  pressure ;  and  generally  for 
places  where  iron  has  to  be  flanged,  bent,  dished,  or  twisted  in  a 
manner  which  only  the  best  iron  can  safely  withstand.  Although 
these  high-priced  plates  have  been  largely  superseded  by  steel,  they 
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are  still  preferred  by  some  engineers  for  the  furnaces  of  locomotive 
boilers  as  being  more  trustworthy,  especially  with  bad  water.  The 
price  of  these  high-quality  plates  is  generally  double,  or  more  than 
double,  that  of  ordinary  boiler  plates  of  iron  or  steel.  For  certain 
purposes,  such  as  for  the  wrought-iron  domes  of  locomotives,  for 
superior  tin  plates,  and  for  conversion  into  crucible  steel,  iron  made 
with  charcoal  fuel  was  formerly  preferred  to  the  special  brands  just 
described.  The  freedom  from  sulphur  which  the  use  of  charcoal 
ensures,  and  the  method  of  manufacture,  give  a  peculiar  softness 
and  homogeneity  otherwise  unattainable.  Charcoal  iron  has  been 
almost  entirely  superseded  by  steel. 

After  the  high-quality  Yorkshire  plates,  boiler  plates  come  first 
among  ordinary  irons,  and  are  equal  to  a  breaking  strain  of  about 
23  tons  with  the  fibre,'and  from  18  to  19  tons  across  the  fibre,  with  a 
ductility  which  gives  from  10  to  15  per  cent,  reduction  of  area  at  a 
place  of  fracture.  According  to  the  care  bestowed  upon  them  in 
manufacture  they  will  withstand  the  constantly  fluctuating  strains 
caused  by  alterations  of  temperature,  and  may  be  bent  to  the  curve  of 
a  cylindrical  boiler  and  punched  without  damage.  The  iron  plates 
used  in  bridges,  girders  and  similar  structures  should  be  of  a 
quality  good  enough  to  endure  without  damage  the  punching, 
shearing,  and  other  treatment  in  manufacture,  and  to  withstand 
without  rupture  a  sufficient  strain.  The  tensile  strength  of  iron  bridge 
plates  usual  in  England  is  from  20  to  21  tons  per  square  inch  with 
the  fibre,  and  from  17  to  18  tons  across  the  fibre,  with  a  ductility 
which  gives  from  8  to  10  per  cent,  reduction  of  area  at  the  place  of 
fracture.  Such  plates  cost  ;^i  per  ton  less  than  boiler  plates. 
Toughness  is  of  more  importance  than  a  high  breaking  strain, 
especially  in  the  case  of  railway  bridges  which  are  subject  to  heavy 
percussions.  Tank  plates  may  be  classed  in  regard  to  quality  with 
bridge  plates,  any  superiority  they  have  being  incidental  to  their 
lesser  thickness  and  the  greater  working  necessary  in  their  production. 
Ship  plates  are,  as  a  rule,  inferior  in  quality  to  the  bridge  plates  de- 
scribed above,  and  cost  from  10s,  to  j£i  per  ton  less.  There  is  no 
good  reason  for  this,  and  where  no  stipulation  is  made  in  regard  to 
quality,  and  where  mere  cheapness  of  price  is  allowed  to  prevail  by 
open  competition  among  manufacturers,  a  ship  and  a  bridge  would 
probably  alike  be  made  of  similar  inferior  iron.  But  the  stipulations 
as  to  quality  usual  amongst  the  principal  bridge  engineers  are  higher 
than  those  by  which  a  ship  can  obtain  admittance  to  the  usual  desired 
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classification  at  Lloyd's  registry.  The  use  of  Steel  for  shipbuilding  is 
raising  the  standard  of  quality,  and  iron  is  now  rarely  used  except 
for  certain  parts  of  the  deck  and  framing  where  it  is  deemed  more 
suitable  than  steel. 

The  extras  on  iron  plates  may  be  approximately  stated  as  follows, 
though  some  makers  concede  rather  greater  latitude.  If  not  exceed- 
ing 4  cwt.  (in  some  districts  5  or  6  cwt.,  and  in  the  north  of 
England  even  9  cwt.)  per  plate,  40  square  feet  superficial  area, 
15  feet  length,  or  4  feet  width,  the  ordinary  current  prices  are 
charged.  For  every  5  feet  additional  length,  an  extra  price  of  20J. 
per  ton  ;  for  every  6  inches  in  width  beyond  4  feet,  ioj.  per  ton  ;  for 
any  weight  in  excess  of  the  standard  up  to  8  cwt.  20J.  per  ton ; 
and  a  further  extra  of  20J.  per  ton  for  every  4  cwt.  from  8  to  20  cwt. ; 
or  20J.  per  ton  for  every  10  ft.  or  part  of  10  ft.  beyond  40  superficial 
feet.  Plates  cut  to  irregular  shapes  are  necessarily  expensive,  and 
if  sizes  or  weights  exceptionally  large  are  wanted,  special  contracts 
must  be  made  with  the  few  makers  who  have  machinery  capable  of 
producing  them.  Plates,  after  they  are  rolled,  are  sheared  on  all 
sides  to  a  size  which  will  include  the  desired  dimensions,  but  it  is  not 
usual,  without  special  stipulation,  for  the  plates  to  be  cut  at  the  roll- 
ing-mill exactly  true  to  absolute  dimensions.  Such  work  is  part  of 
the  process  of  manufacturing  the  plates  into  articles  of  utility.  At 
many  rolling-mills,  plates  up  to  12  in.  wide  can  be  obtained  rolled  as 
bars,  that  is,  with  edges  true  and  square  enough  to  obviate  the  necessity 
for  cutting  or  planing.  Indeed  at  some  rolling-mills  with  powerful 
machinery,  plates  even  30  in.  wide  are  rolled  as  bars,  and  sold  at 
the  ordinary  price  for  plates.  The  use  of  such  improved  machinery 
is  tending  to  alter  the  old-established  rules  for  extras  as  just  de- 
scribed. 

Plates  less  than  \  in.  thick  cost  from  5J.  to  ioj.  per  ton  more  than 
those  i  in.  thick  and  upwards,  and  these  thinner  plates  are  used  prin- 
cipally for  tanks,  gasholders,  and  similar  purposes.  Below  ^^  in.  thick 
the  word  plate  becomes  merged  in  that  of  Sheets,  and  among  English 
makers  the  thickness  was  formerly  not  measured  by  fractions  of  inches, 
but  by  the  Birmingham  Wire  Gauge  (B.W.G.). 

This  gauge  was  established  by  makers  in  a  certain  district,  but  as  it 
was  only  customary  and  was  not  always  uniform  or  recognised  in  other 
districts,  it  proved  a  source  of  inconvenience  to  manufacturers  and 
merchants.  The  need  for  some  established  standard,  and  the  reluc- 
tance to  adopt  the  metrical  measures  accepted  in  most  other  countries. 
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led,  as  a  compromise,  to  the  permissive  use  of  a  new  "  Imperial  Standard 
Wire  Gauge,"  in  which  the  divisions  correspond  with  a  certain  number 

of  "  mils  "  or  thousandths  of  an  inch.  The  num- 
bers range  very  nearly  with  those  of  the  B.W.G., 
and  the  differences  are  best  compared  by  refer- 
ence as  to  a  common  standard  to  those  metrical 
measures  to  which  they  each  most  nearly  approxi- 
mate. Those  most  usually  employed  by  engineers 
are  shown  in  the  annexed  tables.  But  where 
difficulty  or  doubt  arises,  the  desired  thickness  of 
rolled  iron,  steel,  or  other  metals  may  be  best 
ensured  by  specifying  the  weight  per  square  foot 
in  pounds,  or  per  square  metre  in  kilogrammes. 

Down  to  and  inclusive  of  No.  20  B.W.G.  (0*89  m.m.)  sheets  are 
known  commercially  as  singles  \  from  No.  20  down  to  and  including 
24,  as  doubles ;  and  below  this  as  la f lens,  the  price  rising  in  corre- 
sponding order.  Besides  this,  if  sheets  are  wider  than  3  ft.  or  longer 
than  8  ft.,  or  in  any  way  have  a  larger  area  than  24  superficial  feet, 
an  extra  price  is  charged,  which  mounts  up  from  10  to  40  shillings 
per  ton  very  rapidly  as  the  area  is  increased.  Sheets  after  they  are 
rolled  are  generally  annealed  to  render  them  ductile,  and  are  then  in 
some  cases  re-rolled  to  give  them  a  smooth  surface.  Sheet  iron  of 
very  high  quality  is  made  in  Russia,  charcoal  not  only  being  used  as 
fuel  for  the  ordinary  purposes,  but  again  after  the  sheets  have  been 
rolled ;  numerous  sheets  being  piled  together  cold  with  charcoal  be- 
tween them,  and  hammered  in  a  peculiar  way.  Sheets  so  made  have 
a  smooth  glossy  surface,  unattainable  by  other  means,  and  are  not  so 
susceptible  to  rust  as  ordinary  sheets.  They  are  used  for  the  outer 
casings  of  locomotive  boilers,  as  a  casing  to  the  wood  lagging  of 
steam  cylinders,  and  for  other  purposes  where  a  very  smooth  surface 
is  required.  In  Russia  they  are  even  used — generally  unpainted — 
as  roof  covering.     They  cost  much  more  than  ordinary  sheets. 

Though  sheets  are  manufactured  into  innumerable  articles  of 
utility,  they  are  of  interest  to  engineers  chiefly  because  of  their  use  as 
galvanised  corrugated  roofing  sheets,  of  which  very  large  quantities 
are  made  in  England.  The  galvanising  protects  the  iron  from  cor- 
rosion, and  the  corrugations  give  great  strength  and  stiffness  to  the 
sheets  :  the  depth  of  flute  determining  the  strength.  In  England 
the  usual  widths  of  the  fluting  are  3  in.  and  5  in.,  and  the  depth 
ranges  from  one-fourth  to  one-fifth  of  the  width.     But  as  the  strains 
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during  the  process  of  corrugating  test  the  quality  of  the  iron  in  pro- 
portion to  the  depths  of  the  flutes  and  the  thickness  of  the  iron,  there 
is  a  tendency  to  make  cheap  sheets  with  shallow  flutes,  while  engi- 
neers who  want  sheets  for  structural  purposes  often  specify  deep  flutes. 
Galvanising  is  an  arbitrary  and  misleading  name  which  has  been 
applied  to  the  process  of  coating  iron  with  zinc  or  spelter.  The 
value  of  the  galvanised  sheets  depends  upon  the  quality  of  the  iron, 
the  quality  of  the  spelter,  and  the  care  with  which  the  process  is  per- 
formed. Although  a  certain  minimum  quality  of  iron  is  absolutely 
necessary  to  allow  sheets  to  be  rolled  of  the  required  thinness,  yet, 
with  this  proviso,  inferior  sheets  are  sometimes  made,  which,  if  care- 
fully examined,  will  be  found  to  have  minute  cracks  or  a  blistered 
surface.  Sheets  of  this  kind  will  not  hold  the  spelter  properly ;  cannot 
endure  the  corrugation  without  risk  of  damage,  or,  if  safely  corrugated, 
will  not  endure  curving  afterwards ;  and  when  exposed  to  the  weather, 
soon  become  rusty.  Charcoal-iron  sheets  for  galvanising  are  not  an 
ordinary  article  of  commerce.  The  sheets  that  are  sold  at  extra 
prices  by  manufacturers  for  galvanising  and  other  purposes,  under 
the  name  of  "  charcoal  sheets,"  are  generally  made  of  steel. 

Galvanised  corrugated  sheets  are  made  of  various  thicknesses, 
from  No.  16  B.W.G.  to  28  B.W.G.,  but  for  roofing  and  other 
ordinary  purposes  sheets  thicker  than  18  B.W.G.  are  seldom  used. 
This  is  the  gauge  preferred  by  engineers  in  England  for  first-class 
work,  but  the  sheets  generally  exported  are  of  the  thinner  gauges,  and 
in  the  English  colonies  especially  Nos.  24  to  28  are  in  constant  de- 
mand, as  the  thinner  sheets,  though  dearer  per  ton,  cover  more  surface. 
The  price  of  galvanised  sheets,  depending  as  it  does  on  the  current 
value  of  spelter  as  well  as  of  iron,  has  no  uniform  relation  to  the 
prices  current  for  iron,  but  assuming  that  spelter  is  selling  at  ;^2o  per 
ton,  then  when  boiler  plates  are  selling  at  ^10  per  ton,  galvanised 
corrugated  sheets  from  16  to  28  B.W.G.  would  sell  from  jr\^  to 
;;^20  per  ton,  the  thinner  sheets  being  the  dearest,  not  only  because 
the  thinner  iron  is  the  more  expensive,  but  because  in  these  sheets 
the  proportion  of  spelter  to  the  weight  of  iron  is  th6  greater.  On  the 
other  hand,  if  deep  flutes  be  required,  the  thick  sheets  will  not  so 
readily  bend  as  thin  sheets,  and  tougher  and  dearer  iron  becomes 
necessary.  H^.gh-quality  annealed  sheets,  galvanised  and  cold  rolled 
but  not  corrugated,  are  made  for  working  into  articles  of  utility.  Such 
sheets  cost  from  ^^  to  £^\ 2  per  ton  more  than  ordinary  galvanised 
sheets.     When  for  use  by  the  first  purchaser  in  the  country  of  manu- 
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facture,  galvanised  sheets  are  sometimes  merely  bundled  together; 
but  for  shipment  it  is  usual  to  pack  them  in  cases,  the  cost  of  which 
adds  from  15^.  to  ;;^i  per  ton  to  the  price.  But  for  protection  from 
sea  water,  and  in  order  to  preserve  the  good  appearance  of  the  sheets 
for  re-sale,  the  sheets  are  often  enveloped  in  felt  wrappers,  sealed 
with  pitch,  and  then  packed  in  cases. 
Skill  in  making  Since  the  process  of  galvanising  was  first  introduced,  manu- 

galvanised  sheets.    ^^  ,  '-ii  «•■■  jimi 

facturers  have  acquired  by  experience  increased  aptitude  and  skill, 

which  have  enabled  them  to  produce  good  sheets  at  a  less  cost  than 

Has  led  to  making  formerly.     But,  unfortunately,  increased  knowledge  has  allowed  the 

bad  sheets. 

production  of  sheet  iron  and  galvanised  sheets,  which,  while  of  an 
Inferior  sheets      inferior  quality,  look  good  enough  to  be  saleable.     There  is  no  case 

where  cheapness  obtained  by  inferior  quality  is  a  falser  economy  than 
with  galvanised  iron,  for  the  deterioration,  when  it  commences,  is  in 
such  sheets  so  rapid  as  to  be  out  of  all  proportion  to  the  first  saving 
which  may  have  been  effected  in  price. 
Bar  iron.  Square,  flat,  round,  and  other  forms  of  iron  used  by  blacksmiths, 

Merchant-bare,     and   included   in  what   are   known   as  merchant  bars ^  are   made  of 

various  qualities,  a  proper  choice  depending  of  course  mainly  on  the 
Well  known       purpose  for  which  the  iron  is  required.     A  foreign  purchaser  who 

wishes  to  be  safe  can,  as  already  stated,  protect  himself  by  stipulating 
jr*#  Tradk-Marks.    for  the  brand  or   trade-mark  of  a  well-known  maker.     Unbranded 
^^*  ^  '  bars  may  usually  be  taken  to  be  of  the  very  lowest  quality ;  bars 

branded  only  with  a  crown  may  be  deemed  the  starting  point  for  a 
quality  suitable  for  ordinary  merchant  trading  or  cheap  smithing 
purposes.  The  next  highest  quality  is  stamped  "  best,"  and  so  on  to 
"  best  best "  and  to  the  special  brands  of  celebrated  makers,  the 
Serfaits^e,  highest  quality  being  that  already  described  as  **  Best  Yorkshire," 
which  costs  double  the  price  of  ordinary  bars.  This  iron  is  used 
where  resistance  to  sudden  shocks  is  necessary.  Thus,  for  the  draw- 
bars and  shackles  of  railway  engines  and  carriages  such  iron  is  used, 
where  steel  would  not  be  trusted,  and  in  preference  to  all  other  kinds 
of  iron.  Next  in  order  to  this  special  quality  are  bars  capable  of 
enduring  the  following  tests,  which  can  only  be  borne  by  first-class 
iron,  such  as  is  sold  by  manufacturers  of  repute.  Samples  should  be 
notched  and  bent  back  cold  to  show  the  fibre  of  the  iron.  Bars 
marked  B  B  or  "  best  best "  should  endure  22  tons  strain  per  square 
95.  inch  with  the  fibre  of  the  iron.     Square  or  round  B  B  iron  being 

Forge  test  hot.     forged  hot  may  be  punched  with   a  punch   one-third  the  diameter 

of  the  bar,  at  a  distance  of  i^  diameters  from  the  end  of  the  bar, 
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and  a  second  hole,  at  right  angles  to  the  first,  at  three  diameters 
from  the  end  of  the  bar.  The  holes  may  then  be  drifted  out  to 
ij  times  the  diameter  of  the  bar,  and  the  sides  of  the  holes  being 
then  split,  the  ends  must  admit  of  being  doubled  back  without 
fracture.  Flat  bars  not  exceeding  J  in.  thick  may  be  bent  with 
the  fibre  to  a  radius  of  2. J  times  their  thickness  without  fracture. 
Bars  branded  B  or  "  best "  may  be  punched  as  above,  and  drifted 
out  to  the  diameter  of  the  bar,  and  the  sides  of  the  holes  should 
admit  of  being  bent  outward  without  fracture.  Flat  bars  not 
exceeding  J  in.  thick  may  be  bent,  with  the  fibre,  to  a  radius  of  three 
times  their  thickness  without  fracture,  and  should  endure  punching 
and  drifting  also. 

Round  and  square  merchant-bars  of  all  sizes  from  \  in.  to  3  in. 
are  sold  at  ordinary  rates;  but  below  these  dimensions  the  rates 
increase.  Above  3  in.  prices  also  increase  rapidly,  so  that  bars  6  in. 
diameter  cost  from  jQ^  to  jQ$  per  ton  above  the  ordinary  rates ;  the 
number  of  ironworks  with  machinery  capable  of  rolling  such  large 
sizes  is  much  less  than  for  ordinary  bars ;  and  sometimes  such  bars 
are  forged  under  the  steam-hammer.  Whatever  be  the  thickness,  if 
the  size  or  length  involve  a  greater  weight  than  4  cwt.  (in  some 
cases  6  cwt.),  extra  rates  are  charged.  Flat  bars  from  i  in.  x  i  in.  to 
6  in.  X  I  in.  are  usually  sold  at  current  rates,  and  extra  prices  are 
charged  for  larger  or  smaller  sizes,  but  wider  bars,  up  to  J  in.  thick, 
made  for  use  as  plates,  can  be  purchased  at  the  price  of  plates. 

Bars  of  L  or  T  form  are  rolled  of  all  sizes,  from  i  in.  wide  to  8  in. 
wide,  but  the  greater  number  of  sections  between  these  limits  are  of 
dimensions  between  2\  in.  and  5  in.  If  not  thinner  than  \  in., 
sections  as  narrow  as  2  in.  can  be  purchased  at  the  current  rate,  but  if 
thinner  than  J  in.,  then  from  ioj.  to  20^.  per  ton  extra  is  incurred. 
The  ordinary  current  price  is  paid  for  all  sections  from  2  in.  wide  up 
to  and  including  8  united  inches.  That  is  to  say,  a  section  of  3  x  5  in. 
or  4  X  4  in.  will,  as  not  exceeding  8  in.,  be  deemed  ordinary,  but  for 
every  inch  beyond  8  in.,  an  extra  of  about  10s.  per  ton  is  imposed  ; 
and  moreover,  if  by  reason  of  the  thickness  of  the  bars,  a  weight  of 
about  4  cwt.  is  exceeded,  an  extra  charge  per  ton  of  about  5X.  is 
made  for  every  cwt.  in  excess.  Above  a  certain  limit  of  length  (which 
ranges  at  different  rolling-mills  from  20  to  40  ft.  for  L  bars,  and  20 
to  30  ft.  for  T  bars)  about  5^.  per  ton  is  charged  for  every  5  ft.  of  extra 
length.  The  exigencies  of  transport  generally  render  pieces  longer 
than  30  ft.  undesirable,  but  where  the  total  length  does  not  exceed 
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40  ft.  it  may  be  cheaper  to  make  the  bars  in  one  length,  and  to  j)ay 
extra  carriage  rates,  than  to  divide  and  joint  the  bars.  As  the  sizes 
become  larger,  so  also  must  the  thicknesses  be  increased,  as  thin  iron 
becomes  cool  too  soon  while  passing  through  the  rolls.  Thus  bars 
5  in.  wide  should  not  be  thinner  than  ^  in.,  4  in.  bars  than  \  in.,  3  in. 
bars  than  y^i^  in.,  and  so  on.  These  limits  may,  however,  be  slightly 
overstepped  by  care  in  rolling,  for  which  extra  prices  are  charged. 

As  stated  on  page  548,  the  iron  in  L  bars  is  generally  better,  and 
of  more  uniform  quality  than  that  in  T  bars,  as  the  grooves  in  the  L 
bar  rolling-mill  are  arranged  so  that  the  pressure  upon  each  side  is 
more  equally  applied  than  is  the  case  with  T  bars.  On  the  other 
hand,  a  T  section  is  more  symmetrical  than  an  L  section,  and  affords 
more  convenient  opportunities  in  a  structure  for  joints  and  connec- 
tions. L  bars  are  cheaper  than  T  bars,  partly  because  the  process 
of  manufacture  is  slightly  easier,  but  mainly  because  the  quantity 
manufactured  is  very  much  greater,  rendering  special  arrangements 
feasible,  and  increasing  the  competition  of  makers. 

Bars  of  all  kinds  as  sold  from  the  rolling-mill  are  only  approxi- 
mately straightened  and  are  seldom  cut  to  exact  lengths,  these  being 
operations  belonging  to  the  boiler-makers,  bridge-builders,  or  others 
who  make  them  into  articles  of  utility.  Iron  joists  were,  during  the 
years  following  1885,  almost  entirely  superseded  by  steel. 


Steel. 

How  it  differs 
from  iron. 


Advantages 
afforded  by  steel. 


Steel  has  certain  main  qualities  which  distinguish  it  from  iron. 

(i)  Its  homogeneity.  Steel,  when  *' converted"  from  iron  is  cast, 
while  molten,  into  an  ingot,  and,  whatever  the  after  processes  of 
hammering,  rolling  or  tempering,  retains  this  quality,  in  which  it 
differs  from  fibrous  iron. 

(2)  Its  superior  strength,  which  can  be  varied  according  to  the 
degree  of  ductility  required,  from  mild  steel  having  a  tensile  strength 
of  25  tons  per  inch  to  the  hardest  steel  equal  to  60  tons  per  inch. 

(3)  Its  durability  or  resistance  to  wear  or  abrasion. 

(4)  Its  capacity  for  being  tempered,  although  for  this  latter 
purpose  the  mild  steel  used  in  structures  is  not  suitable. 

It  is  its  strength  which  renders  steel  suitable  for  structures  (ships, 
bridges,  roofs,  &c.) ;  its  strength  and  ductility,  which  adapt  it  for 
boilers ;  its  durability  against  abrasion,  which  makes  it  so  valuable 
for  rails,  railway-points,  wheel-tires,  toothed  wheels ;  and  its  capacity 
for  being  tempered,  which  distinguishes  it  from  all  other  materials  as 
alone  suitable  for  cutting  tools  and  springs. 
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It  is  unnecessary  here  to  describe  the  chemical  composition  of 
steel,  except  in  regard  to  those   main   points  which  determine  the 
choice  of  kind  and  quality  for  particular  purposes.     The  principal 
chemical   difference   between  iron  and   steel   is   in   the  amount  of 
carbon  they  each  possess,  steel  in  this  respect  coming  between  cast 
iron  and  wrought  iron.     Cast  iron  contains  from  2  to  4  per  cent,  of 
carbon,  wrought  iron  from  o'oi2  to  0*3  per  cent.,  and  what  may  be 
termed — for  want  of  a  better  designation — steel  proper,  has,  accord- 
ing to  its  kind,  any  proportion  of  carbon  between  o  *  2  and  i  •  5  per 
cent.     What  is  called  mild  steel,  or  ingot  iron,  contains  from  o  •  05 
to  o*i8  per  cent.,  chemically,  much  resembling  wrought-iron.    Mild 
steel  is  sometimes  sold  as  iron,  and  as  in  some  cases  it  is  important 
to  ensure  the  use  of  real  wrought  iron,  the  essential  difference  must 
be  recognised  that  iron  has  been  puddled  and  is  fibrous,  while  steel 
having  been  made  from  a  cast  ingot  is  homogeneous,  the  choice,  in 
this  regard,  between  iron  and  steel  depending  on  the  purpose  in  view. 
Up  till  about  the  year  i860  steel  was  made  by  elaborate  processes 
from  wrought  iron  of  high  quality  by  adding  to  it  a  certain  quantity 
of  carbon.    Bessemer's  inventions  introduced  the  much  simpler  method 
of  entirely  decarbonising  molten  cast  iron  by  forcing  a  blast  of  air  into 
it  and  then  giving  back  to  it  a  sufficient  amount  of  carbon,  together 
with  manganese,  to  produce  steel  of  the  desired  grade.     With  the 
exception  of  the  haematite  iron  ore  found  in  the  West  Cumberland 
and  Barrow  district,  British  iron  is  not  pure  enough  to  make  Bessemer 
steel  of  the  ordinary  kind,  as  the  phosphorus  in  the  iron,  which  is 
not  eliminated  in  the  converting  process,  renders  the  steel  "cold 
short,"  or  brittle.     The  supply  of  English  pure  iron  at  a  moderate  cost 
is  not  sufficient,  and  non-phosphoric  ore  is  imported  from  abroad, 
mainly   from   Spain,   from   the   north   coast   of    Africa,   and   from 
Elba,  large  shipments  from  these  places  having  also  been  made  to 
the  United  States,  where  most  of  the  iron  ore  has  the  same  defect  of 
excessive  phosphorus.     By  the  subsequent  Thomas-Gilchrist  inven- 
tions, known  generally  as  the  basic  method — in  which,  by  means  of 
lime,  the  phosphorus  is  eliminated  during  the  converting  process — 
steel  can  be  made  from  ordinary  iron,  and  this  basic  method  is  more 
or  less  used  in  different  districts  and  countries,  according  as  the 
alternative  expense  of  bringing  pure  ore  from  a  distance  renders  it 
desirable.     Thus  it  is  mdf^  used  in  Germany  than  in  Great  Britain, 
because  in  the  latter  country  ore  from  the  Barrow  district  and  from 
Spain  is  cheap. 
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Open  .hearth  Soon  after  the  Bessemer  inventions,  the  Siemens  "  open-hearth  " 

""••  process  was  introduced.     By  this  plan  and  by  subsequent  modifica- 

tions  of  it,  cast  iron  is  decarburised  by  mixing  with  it  wrought  iron,  or 
iron  ore,  while  the  cast  iron  is  in  a  molten  condition.  The  plan 
occupies  about  ten  hours,  as  against  twenty  minutes  by  the  Bessemer 
method,  and  this  longer  time  affords  facilities  for  testing  the  metal 
during  its  conversion,  and  of  rectifying  errors  in  the  process.  Open- 
Basic  open-hearth  hearth  Steel,  like  Bessemer  steel,  cannot  be  made  of  good  quality 

from  phosphoric  iron ;  but  the  basic  method  has  been  applied  to  it 
also ;  and  now  by  its  means  the  ordinary  native  ores  are  utilised  for 
"  open-hearth  "  as  well  as  for  Bessemer  steel  wherever  it  is  desired  to 
save  the  cost  of  using  pure  iron. 

In  the  purchase  of  steel  some  engineers  prescribe  the  method  of 
manufacture  as  well  as  the  results;   others  stipulate  only  for  the 
results,  namely  that  the  steel  shall  have  a  certain  chemical  compo- 
sition and  be  capable  of  enduring  specified  mechanical  tests  to  show 
tensile  strength,  ductility  or  toughness,  according  to  the  purpose  in 
view.     In  the  majority  of  cases,  however,  the  mechanical  tests  are 
alone  demanded,  because  these  are  what  really  concern  the  purchaser, 
and  because  such  tests  are  supposed  to  be  necessarily  allied  with  a 
certain  chemical  composition  of  the  steel.     The  double   proof  is 
demanded  most  often  in  the  case  of  large  purchases,  where  only  a 
small  proportion  of  the  whole  can  be  tested,  and  where,  therefore,  a 
chemical  analysis  serves  as  a  useful   check  on  the  quality  of  the 
material — a  check,  indeed,  which  the  manufacturer  himself  adopts  for 
his  own  sake,  whether  specified  by  the  purchaser  or  not.     When, 
however,  steel  is  purchased  in  a  rough  condition  as  material  for 
further  processes,  such  as  in  the  form  of  ingots,  blooms,  or  billets  to 
be  worked  up  into  articles  of  utility  by  the  purchaser,  then  mechanical 
tests  are  inconvenient  or   impossible,  and  chemical  analysis  is  the 
only  proof  of  quality  available,  except  that  afforded  by  the  appear- 
ance of  the  steel  and  the  absence  of  flaws.     In  contracts  for  ingots, 
blooms,  or  billets,  the  percentage  of  carbon  is  specified  according  to 
the   purpose  to  which  the  steel  is  to  be   put,  and  in  the  case  of 
purchases   from  abroad,  the  certificate  of  an  independent   chemist 
that  the  analysis  is  sarisfactory  is  often  required  with  each  invoice. 

The  experience  in  steel  making  has  grown  so  rapidly  that  a 
preference  for  one  system  of  manwfecture  over  another  is  liable  to  be 
modified  as  improvements  occur ;  but  it  may  be  said  generally,  that 
steel  can  be  made  by  the  Bessemer  process  of  any  desired  grade  and 
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for  any  purpose,  the  simplicity  and  speed  of  roanufucture  giving  it  a 
preference  in  the  production  of  large  quantities  at  a  low  price,  while 
the  certainty  of  quality  is  shown  by  the  tests  employed  and  the  very 
trifling  percentage  of  failures.  As,  however,  the  production  with 
absolute  certainty  of  exact  grades  of  Bessemer  steel  demands  skill 
and  constant  attention  during  a  process  too  rapid  to  allow  for  correc- 
tions of  error,  some  purchasers  prefer  to  pay  rather  more  for  steel 
made  by  the  slower  open-hearth  process,  which  affords  time  for  tests 
during  the  conversion,  and  which,  in  the  opinion  of  some  metal- 
lurgists, gives  a  more  certain  uniformity  than  in  steel  made  from  one 
"  blow  "  of  a  Bessemer  converter,  where — it  is  alleged — the  ingots  are 
not  always  uniform.  Rails  are  exclusively  made  by  the  Bessemer 
process ;  but  of  steel  for  plates,  bars,  tires,  springs,  and  other  more 
expensive  forms,  probably  more  than  half  are  made  by  the  open- 
hearth  method.  Basic  steel  has  not  been  accepted  universally  for  the 
higher  and  more  expensive  purposes ;  but  this  disinclination  is  likely 
to  disappear  as  experience  proves  the  trustworthiness  of  such  steel, 
and  is  largely  due  to  the  cheapness  of  ordinary  steel  made  from  pure 
ore.  The  basic  method  of  manufacture  shows  to  the  greatest  advan- 
tage in  mild  steel  of  low  tensile  strength,  such  as  is  suitable  for 
boiler  plates  and  for  many  purposes  to  which  soft  "  ingot  iron "  is 
applied.  On  the  Continent  such  ingot  iron  (Jiuss-eisen)  is  principally 
made  by  the  basic  method. 

For  engineers'  purposes  steel  may  be  classified  according  to  its 
hardness,  tensile  strength,  ductility  and  capacity  for  tempering. 
The  more  the  carbon  the  harder  the  steel,  and  from  this  point  of 
view  Steel  for  Rails,  Tires,  Bridges,  Axles  and  Boilers  may  be  cited 
as  examples  of  different  grades.  Hardness  against  abrasion  is  the 
quality  most  desired  in  rails,  so  far  as  it  can  be  obtained  without 
brittleness,  and  this  is  found  in  steel  having  a  tensile  strength  of  38 
to  42  tons  per  square  inch  of  sectional  area.  To  obtain  this  quality 
nearly  a  half  per  cent,  of  carbon  is  given  to  the  steel,  the  exact 
percentage  ranging  from  o'35  to  0*5.  More  than  this  would  bring 
the  steel  further  towards  the  condition  of  cast  iron  than  would  be 
prudent,  and  would  render  the  rail  unable  to  withstand  the  test  of 
sudden  impact  by  a  falling  weight.  The  toughness  of  railway  tires  is 
tested  by  bending  them  under  a  falling  weight,  and  it  is  endeavoured 
to  satisfy  this  condition  and  at  the  same  time  use  steel  or  a  maximum 
hardness  to  withstand  abrasion.  To  obtain  this  combination,  steel 
of  not  more  then  30  tons  tensile  strength  has  been  used.     But  while 
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this  quality  was  deemed  satisfactory  for  some  years  after  steel  tires 
were  introduced,  a  harder  steel,  equal  to  a  breaking  strain  of  45  and 
even  48  tons  per  inch,  is  obtainable,  and  can  be  made  within  the 
limits  of  toughness  required  for  the  bending  tests.  Such  tires  com- 
mand a  higher  price  than  softer  tires,  but  only  a  few  steel- makers  can 
produce  them.  Not  only  an  exact  mixture  of  materials,  but  pro- 
cesses, more  or  less  secret,  of  tempering  have  much  to  do  with  these 
results. 

Amongst  the  advantages  afforded  by  steel  is  the  great  facility 
with  which  it  can  be  manufactured  into  pieces  of  large  size  and 
weight.  Steel,  when  "converted,"  is  run  molten  into  ingots,  and  is 
afterwards  squeezed,  hammered  and  rolled  into  the  desired  form. 
Ingots  can  be  made  of  any  weight  up  to  50  tons, 
steel  for  ships  For  plates,  bars  and  beams  in  ships,  bridges  and  roofs,  steel 

equal  to  a  tensile  strength  of  from  27  to  32  tons,  with  a  ductility 
See  page  lis-        shown  by  an  elongation  of  20  per  cent,  in  a  length  of  8  inches,  is 

generally  specified  by  engineers,  though  for  parts  of  structures 
which  will  be  subjected  only  to  compressive  stresses,  harder  steel 
up  to  40  tons  is  sometimes  permitted.     In  steel  of  all  the  above 

Effect  of  punching  grades    care   must    be   taken  in    punching   and   shearing,   because 

these  operations  tend  to  crystallise  the  metal  immediately  affected. 
Punching  is  prohibited  by  some  engineers,  but  more  often  is  per- 
mitted with  the  stipulation  that  punched  holes  must  be  drilled  or 
rimered  out,  and  sheared  edges  planed,  so  as  to  remove  about  one- 
twelfth  of  an  inch  of  the  metal.  The  annealing  of  steel  restores  the 
crystalline  parts  to  their  original  condition,  and  when  this  operation 
is  performed,  the  drilling  or  planing  above  referred  to  is  not  necessary. 
As  the  real  value  of  either  wrought  iron  or  steel  for  such  purposes  as 
Elastic  limit  of     ships  or  bridges  depends  not  only  on  its  ultimate  breaking  strength, 

but  on  the  limit  of  elasticity,  steel  has  a  special  advantage  because 

See  Uon,  page  sa(>-    it  has  a  much  higher  proportionate  limit  than  iron.     Thus,  while 

iron  equal  to  20  tons  breaking  stress  will  have  10  tons  as  a  limit  of 
elasticity,  steel  of  30  tons  can  be  produced  with  a  limit  as  high  as 
18  tons, 
steel  axles.  For  railway  axles,  which  are  subjected  to  severe  bending  stresses, 

steel  of  from  33  to  35  tons  is  suitable.     Much  softer  steel  is  used  for 

Steel  for  boilers,    boilers ;  for  though  steel  up  to  30  tons  might  not  be  too  hard  for 

shell  plates  and  the  flat  ends  of  boilers,  yet  for  plates  which  have 
to  be  flanged  or  dished,  softer  steel  of  from  25  to  27  tons  tensile 
strength,  with  an  elongation  of  25  per  cent,  in  8  in.,  is  demanded — 
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such  steel  containing  not  more  than  from  o  •  05  to  o  •  i  per  cent,  of 
carbon. 

So  long  as  the  demand  for  steel  was  small  and  uncertain,  prices 
could  not  be  stated  with  the  same  precision  as  those  of  iron.  At 
their  first  introduction  steel  plates  for  boilers  and  bridges  cost  double 
the  price  of  iron  plates,  but  this  difference  was  soon  reduced,  and 
since  1885  steel  plates,  beams  and  bars  cost  only  about  ;^i  per 
ton  above  the  price  of  ordinary  iron.  Steel  bars  of  L,  T,  and  the 
numerous  other  forms  usual  in  rolled  iron,  cost  about  the  same  as 
steel  plates,  and  as  the  demand  for  steel  has  increased  the  sizes  and 
patterns  have  become  as  numerous  as  in  iron.  Large  pieces  are 
cheap)er  in  steel  than  in  iron,  for  the  limits  of  size  and  weight  within 
which  current  prices  apply  without  extras  are  wider  and  much  more 
in  favour  of  the  buyer  in  the  case  of  steel  plates  and  bars  than  in  the 
case  of  iron.  The  manipulation  of  lumps  of  puddled  iron,  and  of 
the  slabs  and  blooms  into  which  the  iron  is  welded,  before  it  takes 
the  final  form  of  plate  or  bar,  becomes  costly  when  a  certain  size  and 
weight  are  exceeded.  An  ingot  of  steel,  on  the  other  hand,  can  be 
as  easily  cast  five  tons  in  weight  as  half-a-ton ;  no  welding  processes 
intervene,  and  the  ingot  is  rolled  down  by  machinery  to  its  final 
form.  The  difference  in  these  respects  tells  considerably  on  the 
price  when  plates  or  bars  of  half-a-ton  or  upwards  are  reached,  the 
price  of  steel  in  such  cases  being  less  than  those  of  iron. 

In  the  manufacture  of  steel  plates  there  are  certain  combinations 
of  length,  width  and  thickness  which  are  easiest  to  deal  with.  It  is 
not  easy  to  roll  thin  plates  of  more  than  a  certain  area,  because  they 
cool  rapidly  in  the  process.  Thus,  while  a  plate  \  in.  thick  would  be 
supplied  without  extra  charge  up  to  about  800  lbs.  in  weight,  one 
of  2  in*  thick  would  be  sold  at  the  same  rate  up  to  1000  lbs.,  and 
one  of  f  in.  thick  without  extra  charge  for  weight  of  8000  lbs.  But 
an  extra  rate  is  incurred  when  a  length  of  20  ft.  is  exceeded  for  \  in. 
thick,  or  when  26  ft.  is  exceeded  for  %  in.  thick,  or  35  ft.  for  \  in. ; 
and  in  regard  to  width,  also,  an  extra  is  incurred  for  ^-in.  plates  when 
more  than  4  ft.  wide,  for  J -in.  plates  when  more  than  5  ft.  wide,  and 
for  |-in.  plates  when  more  than  8  ft.  wide.  Beyond  certain  limits 
the  extras  for  length,  width  and  thickness  may  overlap  or  accumulate, 
and  elaborate  tables  are  compiled  by  manufacturers  to  show  clearly 
to  purchasers  how  to  calculate  extras.  During  the  seven  years 
1892-98  the  normal  j)ricc  at  the  works  of  steel  plates  ranged  from 
^6  to  ^10  i)er  ton. 
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Steel  joists.  Steel  joists  are  mainly  used  as  floor  beams  or  girders  of  small 

span,  as  cross-girders  in  narrow  bridges,  or  as  longitudinal  rail-bearers 
in  a  bridge.     They  are  also  used — especially  on  the  Continent — for 
the  rafters  of  trussed  roofs,  where  in  England  T  bars  or  a  riveted 
xoa.  girder  would  be   preferred.      Steel   beams   are   frequently   riveted 

See  also ^gt  %^A.     together  to  form  composite  stancheons  or  columns.     As  bulb  beams 
Stkel  Columns,     ^j^^^  ^^^  ^^  important  part  of  steel  ships  and  steamers. 

Small  and  narrow  sections,  having  a  depth  of  from  4  in.  to  7  in. 

and  a  width  of  from  i  in.  to  3  in.,  are  the  cheapest,  the  price  rising 

Small  and  narrow  slightly  up  to  sizcs  9  in.  deep  and  4  in.  wide.     Beyond  these  sizes 

sections  cheapest.     ,  i*'^i_  '        -%  t^>'i 

the  price  increases,  so  that  joists  or  beams  12  in.  deep  and  6  in.  w^ide 

would  be  from  ^i  to  J[,2  per  ton  dearer;  while  if  wider  flanges  be 

required,  the  price  would  be  still  higher,  and  the  quality  of  the  flanges 

Limits  of  size,      probably  inferior.     Joists  more  than  15  in.  deep  can  seldom  be  used 

with  advantage,  and  above  these  dimensions  riveted  girders  are  in 
England  generally  preferred,  though  on  the  Continent  sizes  up  to 
20  in.  deep  are  constantly  used ;  while,  as  a  tour  de  force^  they  have 
been  rolled  as  deep  as  i  m^tre  (39J  in.).  In  this  case,  by  an  in- 
genious machine  with  numerous  rolls,  the  flanges  are  compressed  as 
well  as  the  web,  and  if  such  a  method  of  manufacture  could  be  applied 
to  all  joists,  their  quality  and  usefulness  would  be  greatly  increased. 

Limits  of  length.    The  smaller  sections  can  generally  be  purchased  up  to  25  ft.  in  length 

without  extra  charge,  and  the  larger  sections  up  to  20  ft.  If  these 
dimensions  be  exceeded  an  extra  price  is  incurred,  somewhat  in  the 
same  ratio  as  for  T  bars.  But  with  joists,  as  with  other  rolled  steel, 
exceptions  are  made  to  the  rule  when  the  transaction  is  in  other 
respects  favourable  to  the  manufacturer ;  and  sometimes,  in  such 
cases,  lengths  varying  from  20  to  40  ft.  are  supplied  without  extra 
charge. 
Ready-made  Rolled  beams  are  kept  in  store  by  iron  and  steel  merchants  in 

most  large  towns,  so  that  builders  can  purchase  them  as  wanted,  but, 
as  already  stated,  in  such  cases  the  expense  of  cutting  to  length  has 
often  to  be  incurred,  which,  together  with  the  value  of  the  piece  cut 
off*,  brings  the  retail  price  generally  jQi  to  JT^^  above  the  current 
wholesale  price  at  which  such  joists  can  be  bought  at  the  rolling-mills. 

Cutting  to  length.  Tlie  Ordinary  practice  is  to  cut  the  ends  of  the  joists  hot  as  they  leave 

the  rolls,  and  a  length  which  is  within  i  in.  of  the  specified  dimen- 
sions is  considered  sufficiently  accurate.  If  cut  at  the  rolling-mill  to 
exact  lengths  cold,  an  additional  cost  of  from  3^.  to  loj.  per  ton  is 
incurred. 
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Channel  U  bars  bear  somewhat  the  same  relation  to  I  bars  as 
a  T  does  to  an  L  section^  and  although  extremely  useful  in  many 
cases,  their  one-sided  shape  renders  them  less  easy  to  bend  and  less 
convenient  for  connections  than  the  double  T.  The  smaller  and 
narrower  sections  are  the  cheapest,  and  in  this  respect,  and  in  the 
rules  by  which  extras  are  charged,  they  may  be  classed  with  I  joists, 
as  also  in  regard  to  the  fact  that  they  are  largely  made  in  Belgium, 
France  and  Germany.  The  prices  are  generally  about  J[^\  per  ton 
higher  than  the  price  of  joists. 

"X  bars  and  bulb  beams  are  used  principally  by  shipbuilders, 
and  cost  about  the  same  as  T  bars.  Hoop  steel  is  made  of  many 
qualities,  the  cheapest  being  used  by  builders  for  bonding  brickwork 
together ;  a  better  quality  is  made  for  hooping  casks,  and  the  best 
for  enclosing  bales  packed  tightly  by  hydraulic  pressure.  Hoop  steel 
of  ordinary  sizes  and  quality  costs  about  ;£3  per  ton  above  the  price 
current  for  small  steel  beams.  Steel  hoops  have  superseded  iron 
hoops  for  baling  purposes  or  wherever  strength  is  of  importance. 

Steel  when  manufactured  into  articles  of  utility  cannot  be  easily 
distinguished  from  iron,  and  the  want  of  some  ready  mode  of  satis- 
fying themselves  that  proper  steel  has  been  employed,  is  one  of 
the  causes  which  at  first  disinclined  engineers  from  allowing  its  use. 
Some  authoritative  brand  or  hall-mark  seems  needed  to  verify  the 
origin  of  each  separate  piece,  for  the  testing  a  portion  of  every  piece 
is  troublesome  and  expensive.  This  verification  of  quality  is  more 
important  than  in  the  case  of  iron,  where  the  inferiority  of  any 
particular  piece  would  probably  be,  at  most,  10  per  cent. ;  while,  if 
iron  or  bad  steel  be  substituted  for  the  prescribed  steel,  the  difference 
might  be  50  per  cent. 

Steel  owes  much  of  its  homogeneity  and  close  grain  to  the  treat- 
ment it  receives  by  hammering  or  rolling  after  it  has  been  cast  into 
an  ingot.  It  is  for  want  of  such  after-treatment  that  steel  castings  do 
not  offer  so  great  a  tenacity  and  ductility  as  wrought  steel.  Molten 
steel,  after  being  cast,  chills  more  quickly  than  iron ;  the  process  of 
casting  is  not  so  easy ;  there  is  more  risk  of  unsoundness ;  and  for 
these  reasons  steel  cast  into  irregular  shapes,  unless  it  be  afterwards 
compressed,  hammered  or  rolled,  offers  a  strength  inferior  to  that 
of  simple  shaped  rolled  steel  bars.  Whitworth's  process  of  compress- 
ing steel  castings  while  in  a  semi-molten  condition  was  introduced 
to  meet  these  objections,  and  so  far  as  it  has  been  applied — chiefly 
(up  to  1898)  for  military  purposes,  such  as  guns  ami  torpedo-cases- - 
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it  has  been  proved  very  successful.  The  application  of  steel  to 
general  purposes,  such  as  the  parts  of  large  steam-engines  and 
machinery,  depends  on  whether  it  can  be  produced  of  good  quality 
in  large  masses  without  forging,  and  though  this  is  accomplished  by 
a  limited  number  of  makers,  it  is  not  so  easy  to  obtain  sound  steel 
castings  as  ordinary  iron  castings.  It  is  largely  owing  to  this  diffi- 
culty, that  malleable  cast  iron  is  so  extensively  used.  Made  from 
high  quality  (generally  haematite)  pig  iron,  such  iron  castings  are 
then,  by  a  peculiar  process  of  annealing,  partly  decarbonised  and 
rendered  so  tough  as  to  withstand  bending  or  percussion  without 
fracture.  But  steel  castings,  when  sound,  offer  considerable  advan- 
tages over  iron  castings,  where  great  strength  and  reduction  in  weight 
are  required;  they  are  tougher,  more  elastic,  and  offer  a  greater 
resistance  to. wear  and  abrasion,  and  they  often  take  the  place  of 
wrought  iron  for  irregular  shapes,  where  the  cost  of  forging  or 
smithing  would  be  great.  Steel  castings  compare  most  favourably 
with  iron  castings  under  tensile  strains,  as  they  have  a  tenacity  three 
times  or  more  than  that  of  cast  iron,  or  over  30  tons  per  square  inch. 
And  as  steel  has  also  a  much  greater  resistance  to  abrasion  than 
iron,  toothed  wheels  are  for  this  reason  often  made  of  steel. 

Such  articles  as  turning-tools,  screwing-taps,  chisels,  files,  saws, 
are  usually  made  from  high-carbon  crucible  cast  steel,  which  ranges  in 
price  from  ^30  to  ;£'6o  per  ton  ;  but  some  special  kinds  of  tool  steel 
cost  more  than  ;^ioo  per  ton.  The  higher  grades  of  crucible  steel 
are  converted  from  the  best  brands  of  Swedish  wrought  iron,  which 
vary  in  price  from  JQ\2  to  ;^3o  per  ton ;  so  that  the  quality  of  tool 
steel  may  be  infinitely  varied,  according  to  the  mixture  of  high  or 
low  priced  iron. 

Tool  cast-steel  is  made  in  bars  of  various  shapes  and  sizes,  such 
as  square  for  turning,  slotting  and  planing  tools;  round,  for  taps 
rimers,  drills,  milling-tools,  dies ;  flat,  for  turning  and  slotting- tools 
and  shear-blades ;  round-edge,  for  chisels  and  riveting-snaps  ;  octagon, 
for  chisels  and  snaps.  Various  tempers  are  required  for  these  dif- 
ferent purposes,  and  the  maker  should  always  be  informed  of  the 
particular  purpose  for  which  the  steel  is  to  be  used.  For  want  of 
such  knowledge,  steel,  though  of  good  quality,  is  often  not  adapted 
for  the  purpose  in  view.  It  is  false  economy  to  use  anything  but 
cast  steel  of  good  quality  for  tools  working  upon  metal,  as  the  higher 
cost  of  good  steel  is  more  than  repaid  by  its  greater  durability,  and 
the  great  saving  of  time  in  re-sharpening.     But  prices  more  than  pro- 
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portioned  to  their  value  are  charged  for  some  of  the  best  known 

brands  of  steel.     Shear-steel  is  generally  used  for  welding  purposes,     Shear-stcei  for 

and  varies  in  price  from  £,^0  to  jQ6o  per  ton,  the  higher  qualities 

being  used  for  machine  cutting-tools,  composed  of  steel  and  iron 

welded  together. 

In  regard  to  all  the  kinds  of  steel  classified  in  the  preceding 
pages,  continual  progress  has  been  made  in  the  methods  of  manu- 
facture, first  in  regard  to  quality,  to  arrive  at  the  exact  mixtures  and 
alloys  suitable  for  particular  purposes,  and  secondly  by  the  use  of  gas 
fuel  and  machine  processes  to  reduce  the  cost.  While  however,  in 
the  case  of  rails,  plates  and  bars,  where  large  quantities  can  be  made 
with  a  regular  sequence  of  operations,  these  economies  are  feasible, 
many  of  the  special  steels  required  in  moderate  quantities  demand 
an  elaboration  and  watchfulness  which  confine  the  possible  savings 
to  a  narrow  range. 

[See  also  Coal  and  Iron  Mining  in  Chapter  XV.] 
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The  effective  force  generated 
by  the  combustion  of  fuel, 
even  in  the  best  kind  of 
steam-engine,  is  still  far 
below  the  theoretical  heat- 
force  of  the  fuel,  and  as, 
moreover,  there  are  certain 
inconveniences  which  attend 
the  use  of  the  steam-engine, 
other  kindm  of  constanl  attemi)ts  are  made 

to    discover   other    methods 

of     transmuting     heat    into 

mechanical  force,  either  by 

improvements  in  the  engine 

itself,    or    by    means   which 

avoid    the     use     of    steam 

altogether.        Gas  -  engines, 

petroleum -engines  and  hot-air  engines  have  each  their  place  ;  while 

outside  any  cat^ory  of  heat  motors,  water-engines  are   available, 

not    only   as  original    motors   where  there   are    natural   sources   of 

water,  but  also  for  giving  effect  to  the  gravity-force  of  water  which 

has  been  pumped  up  by  a  steam-engine  or  other  prime  mover  at  a 

distance.      Electric   engines  are  available  as  secondary  motors  for 

utilising  the  power  of  a  steam-engine  or  other  primary  motor  at  a 

distance.     It  Is  not  intended  here  to  describe  or  suggest  any  new 

method,  but  only  to  draw  attention  (o  the  circumstances  by  which 

the  value  of  steam-engines,  and  the  substitutes  above  mentioned,  is 

determined  and  on  which  a  choice  del  tends. 
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The  primary  measure  of  value  in  a  steam-engine  is  its  power ;  but 
this,  as  it  is  derived  from  the  fuel  consumed  in  the  furnace  of  the 
boiler,  depends  in  the  first  place  on  the  size  or  capacity  of  the  boiler 
and  furnace.  The  gross  heat-force  being  thus  arrived  at,  the  net 
effective  value  depends  on  the  waste  or  loss  between  the  heat-force 
contained  in  the  fuel  and  the  mechanical  force  given  out ;  this  waste 
or  loss  depending  on  the  design  and  construction  of  the  machine. 
Such  a  simple  measure  is  not,  however,  sufficient;  for  it  is  the 
suitability  of  an  engine  to  the  special  wants  of  a  purchaser  which 
determines  its  value  in  any  particular  case;  and  the  power  which 
one  engine  will  give  as  compared  with  another  is  only  one  out  of 
many  points  which  have  to  be  considered. 

The  diversity  of  purpose  to  which  the  steam-engine  is  applied 
has  been  met  by  a  corresponding  variety  in  the  kinds  of  engines ;  and 
this  variety,  though  advantageous  in  the  wide  choice  it  affords,  is  often 
a  source  of  perplexity  to  the  purchaser.  Inventors  and  manufacturers 
draw  attention  to  the  points  of  excellence  in  their  machine,  to  the  con- 
veniences it  affords  and  the  difficulties  it  overcomes ;  and  till  another 
set  of  conveniences  and  difficulties  is  considered,  it  might  be  thought 
that  one  particular  engine  must  be  the  best  for  all  cases.  Precedent 
should  not  be  followed,  nor  success  already  achieved  be  taken  as  a 
guide,  unless  the  conditions  of  use  are  sufficiently  alike.  Some  of 
the  following  points  have  generally  to  be  considered,  besides  the 
primary  question  of  the  power  required. 

1.  Tha  Purpose  for  which  the  engine  is  required;  this  determining 
many  points  such  as  speed,  equable  or  continuous  running,  the  need 
for  reversing  apparatus,  facility  of  adjustment  and  other  conditions, 
for  which  some  kinds  of  engines  are  better  suited  than  others. 

2.  The  Space  to  be  occupied  by  the  engine  and  boiler;  for  if 
there  be  limitations  in  this  respect,  the  design  of  the  engine  may  be 
modified  accordingly.  If  floor  space  be  limited,  some  kind  of 
vertical  engine  and  boiler  may  have  to  be  adopted,  which  may  be 
less  solid  and  durable  and  more  expensive  than  a  horizontal  engine. 
The  use  of  high-pressure  steam  allows  economy  of  space.  This  is 
absolutely  necessary  in  a  marine  engine  or  locomotive,  and  sometimes 
also  in  fixed  land  engines. 

3.  The  Weight  may  be  a  point  of  consequence,  if  the  engine  and 
boiler  have  to  stand  upon  an  upper  floor,  or  on  a  weak  foundation. 
If  weight  for  transport  is  an  important  consideration,  not  only  the 
total  weight,  but  that  of  the  separate  pieces  must  be  considered,  and 
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the  larger  pieces,  such  as  boiler,  bed-plate  and  fly-wheel,  may  be  made 
to  subdivide  for  carriage. 

4.  If  frequent  Carriage  from  place  to  place  be  probable,  a  port- 
able engine  may  be  best,  but  if  only  occasional  moving  is  anticipated, 
a  fixed  engine  with  parts  conveniently  divisible  may  be  preferred. 

5.  Facility  for  Fixing  and  setting  to  work  is  sometimes  an  impor- 
tant point,  and  it  may  be  expedient  to  make  the  machine  so  complete 
and  self-contained  as  to  require  little  preparatory  labour  in  buildings 
and  foundations,  and  no  preliminary  adjustment  of  the  mechanism  as 
a  condition  of  proper  working. 

6.  A  minimum  Time  for  starting  may  render  necessary  a  peculiar 
kind  of  boiler  and  other  arrangements :  the  steam-engines  for  cranes, 
winches  and  fire-engines  being  examples. 

7.  Economy  in  Fuel  and  suitability  for  particular  kinds  of  fuel 
are  conditions  which  often  modify  the  design  ;  but  the  extent  to  which 
the  engineer  can  meet  these  conditions  is  often  limited  by  other  of 
the  points  mentioned. 

8.  Economy  in  first  Cost  often  overrides  all  the  other  considera- 
tions, for,  though  it  is  generally  cheaper  to  have  only  what  is  best  and 
most  suitable,  even  a  rudely-constructed  engine,  or  one  consuming 
much  fuel  (if  the  only  one  which  can  be  afforded)  may  still  prove  of 
great  advantage  when  compared  with  other  sources  of  power  available 
as  an  alternative.  Of  course,  in  measuring  the  cost,  or  in  compar- 
ing one  kind  of  engine  with  another,  the  expenses  of  foundations, 
buildings  and  other  accessories  need  as  much  consideration  as  the 
machine  itself. 

In  most  of  the  technical  questions  concerning  steam-engines, 
and  in  their  commercial  valuation,  the  ^^  Horse-pmuer^^  is  by  common 
usage  adopted  as  the  unit  of  measurement;  but  as  the  term  is 
qualified  by  the  prefix  "  Nominal,"  "  Indicated,"  "  Effective,"  "  Real," 
"  Brake,"  the  relation  which  these  phrases  bear  to  each  other  needs 
explanation.  Watt,  in  introducing  his  new  steam-engines  one  hundred 
years  ago,  required  a  convenient  and  easily  understood  measure  of 
power,  by  which  the  value  of  his  engines  could  be  stated  ;  and  having 
by  experiment  ascertained  that  a  very  strong  horse  could  lift  33,000 
lbs.  one  foot  high  in  one  minute,  he  adopted  this  as  his  standard,  for, 
although  25,000  lbs.  would  more  correctly  represent  the  usual  power 
of  a  horse,  Watt  j)referred  the  higher  figure,  as  demonstrating  with 
greater  effect  the  value  of  the  machine  he  had  invented.  The  lifting 
one  potind  one  foot  high  has,  under   the'  name   foot-pound,  been 
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adopted  as  a  unit  of  measurement  for  the  power  not  only  of  steam- 
engines,  but  of  all  kinds  of  mechanical  forces.  Watt  made  the  parts 
of  his  engines  of  such  dimensions  and  capacity  as  would,  with  the 
steam  pressure  at  his  command,  produce  the  required  power;  and 
the  sizes  of  the  principal  parts — notably  the  diameter  of  the  steam 
cylinder — thus  determined,  became  established,  though  informally 
and  with  certain  modifications,  as  standards  among  engine-makers. 
Watt's  measure  of  horse-power  has  been  adopted  in  most  foreign 
countries.  In  France,  where  metrical  measures  are  in  force,  75  kilo- 
grammfetres  (kilos  lifted  one  mfetre)  per  second  are  taken  as  one 
horse-power,  and  this  equals  0*986  of  the  British  horse-power.  In 
Germany  the  horse-power  slightly  exceeds  the  British  standard ;  in 
Russia  it  is  exactly  the  same.  Watt  based  his  calculation  of 
horse-power  upon  an  assumed  steam  pressure  (in  addition  to  the 
vacuum-force  he  obtained)  of  7  lbs.  per  square  inch,  and  a  piston 
speed  of  160  feet  per  minute;  an  increased  piston  speed  being 
adopted  as  the  stroke  was  made  longer  than  2  ft.,  so  that  with  a  stroke 
of  8  ft.  the  speed  was  calculated  at  about  260  ft  per  minute.  The 
same  rule  would  apply  for  the  earlier  non-condensing,  or  as  they 
were  called,  high-pressure  engines,  but  with  a  direct  steam  pressure 
of  21  lbs.  But  with  the  use  of  higher  pressure  steam,  of  greater 
velocities,  and  of  numerous  improved  methods,  engines  made  now 
of  the  same  dimensions  as  formerly  give  out  much  greater  power, 
and  hence  the  difference — 2  to  i,  3  to  i,  or  even  6  to  i,  as  the  case 
may  be — ^between  the  nominal  and  real  power  of  a  steam-engine 
made  now  of  the  old  dimensions.  Watt's  dimensions  have  not  been 
strictly  adhered  to,  and  though  no  absolute  rules  have  been  estab- 
lished, the  competition  of  makers  has  led  to  conventional  standards 
of  size  in  different  districts.  Among  the  various  modifications  of 
Watt's  rule,  that  which  allows  a  non-condensing  engine  about  10 
circular  inches  of  piston  area  for  each  nominal  horse-power  is  one  of 
the  most  simple  and  usual.  Thus,  a  cylinder  8  in.  diameter,  having 
an  area  of  64  circular  inches,  will  be  provided  for  a  6  horse-power 
engine,  a  lo-in.  cylinder  for  a  10  horse-power  engine,  and  a  12-in. 
cylinder  for  a  14  horse-power  engine.  It  is  evident  that  an  arbitrary 
rule  of  this  kind  may  be  applied  with  widely  different  results, 
according  to  the  length  of  stroke,  pressure  of  steam,  speed  and 
other  circumstances,  and  the  competition  of  manufacturers  has  led 
them  in  some  cases  to  adopt  rules  for  themselves  which  are 
misleading.     So  long,  however^  as  there  was  an  understanding  acted 
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on  by  makers  of  engines  and  known  to  purchasers,  of  what  dimen- 
sions were  really  implied  by  a  certain  specified  nominal  horse-power, 
the  term,  though  arbitrary  and  conventional,  could  not  be  called  use- 
less ;  and  until  engine-makers  in  different  countries  agreed  upon  some 
better  method  of  denominating  their  machines,  the  old  term  was  used ; 
and  if  it  were  attempted  instead,  to  state  the  real  power,  then  as  this 
depends  upon  the  pressure  and  velocity — incidents  which  may,  in  an 
engine  of  given  dimensions,  be  varied  at  will  within  very  wide  limits 
— such  a  statement,  unless  accompanied  by  the  exact  conditions  upon 
which  it  is  calculated,  might  not  convey  to  the  purchaser  of  a  steam- 
engine  so  good  an  idea  of  the  machine  in  question  as  would  the 
nominal  horse-power,  which  implies  certain  conventional  or  prescribed 
dimensions.  For  the  same  reason,  there  is  no  fixed  proportion 
between  nominal  and  real  horse-power.  Amongst  engineers  the 
nominal  horse-power  is  seldom  referred  to ;  its  use  is  confined  mainly 
to  the  enumeration  of  portable  and  small  engines  in  catalogues,  and 
the  real  power,  as  determined  by  the  dimensions,  pressure  and  speed, 
is  alone  considered. 

By  means  of  an  instrument  called  the  "  indicator,"  the  pressure 
per  inch  upon  the  piston,  with  the  variations  of  pressure  at  each 
portion  of  the  stroke,  are  exactly  measured  and  recorded ;  and  the 
mean  of  such  varying  pressure,  multiplied  by  the  number  of  inches 
of  piston  surface,  gives  the  total  force  exerted  upon  the  piston.  This 
total  force,  when  again  multiplied  by  the  number  of  feet  travelled  by 
the  piston  per  minute,  produces  the  sum  of  foot-pounds  of  work  done, 
which,  divided  by  33,000,  expresses  the  "indicated  horse-power" 
according  to  Watt's  standard.  But  from  the  gross  power  thus 
arrived  at  must  be  deducted — if  the  net  or  effective  or  real  power 
is  to  be  ascertained — the  power  consumed  in  overcoming  the 
friction  of  the  engine  itself;  and  in  the  majority  of  cases — in  each 
according  to  the  skill  of  the  maker  and  other  conditions — the  pro- 
portion to  be  deducted  is  somewhat  between  one-fourth  and  one- 
eighth  of  the  gross  power.  In  a  well-made  engine  the  percentage 
should  not  exceed  12  per  cent.  The  effective  or  dynamic  power  can, 
if  desired,  be  exactly  measured  in  all  engines  of  moderate  size,  either 
by  a  dynamometer,  or  by  a  friction  brake,  as  has  often  been  done 
in  the  competitive  trials  of  portable  and  other  engines,  and  by  some 
makers  the  brake  power  is  demonstrated  with  each  engine  as  sold. 

As  the  immediate  purpose  of  a  steam-engine  is  to  transmute  into 
effective  mechanical  energy  the  heat-force  of  fuel  through  the  medium 
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of  water  evaporated  into  steam,  the  efficiency  of  the  engine  in  regard 
to  design,  manufacture  and  working  may  be  measured  by  the  amount 
of  force  given  forth  for  each  pound  weight  of  water  consumed  in  the 
boiler.  According  to  the  kind  and  efficiency  of  the  engine  in  this 
respect,  from  0*017  to  o'o66  indicated  H.P.  will  be  given  out  for 
each  pound  of  water  fed  into  the  boiler,  the  higher  amount  being 
that  of  the  best  engines  under  the  best  conditions.  Or,  to  reverse  the 
statements,  from  15  to  60  lbs.  of  water  have  to  be  evaporated  for 
each  H.P.,  the  worst  cases  occurring  where  the  steam  has  to  be 
conveyed  considerable  distances,  in  ill-covered  pipes,  to  an  engine 
working  at  irregular  intervals.  This  very  wide  range  of  difference 
illustrates  the  economy  or  wastefulness  of  different  engines.  Thus,  a 
well-made,  well-managed,  non-condensing  engine  will  consume  only 
24  lbs.  of  water ;  an  ill-made  and  badly  managed  engine  as  much  as 
60  lbs.  A  compound  non-condensing  engine  will  consume  from  18 
to  45  lbs.,  while  a  condensing  engine  will  range  from  15  to  25  lbs. 
And,  as  already  stated,  the  real  or  effective  power  is  from  75  to  88 
per  cent,  of  the  gross  power. 

The  economy  of  working  obviously  depends  also  on  the  amount 
of  fuel  consumed  to  evaporate  each  pound  of  water.  As  the  tem- 
perature of  water  when  fed  into  a  boiler  varies  in  different  cases, 
and  as  the  heat  at  which  the  evaporation  takes  place  also  varies 
according  to  the  pressure  of  steam,  it  is  usual,  in  order  to  arrive 
at  a  common  standard  for  comparing  the  efficiency  of  different 
boilers,  to  reduce  the  calculation  in  each  case  so  as  to  measure  the 
evaporation  at  and  from  212°  (Fahr.),  that  is,  to  an  assumption  that 
the  water  is  fed  into  the  boiler  at  212°  and  the  evaporation  takes 
place  at  212°,  so  that  no  fuel  has  been  expended  in  heating  the 
water  to  boiling-point  or  in  raising  it,  but  only  in  evaporation.  On 
this  basis  from  8  to  1 1 J  lbs.  of  water  is  the  range  of  evaporation 
I)er  lb.  of  coal,  according  to  the  quality  of  the  coal  and  the  effi- 
ciency of  the  boiler,  this  being  about  18  per  cent,  more  than  the 
results  would  be  under  such  average  actual  circumstances  as  feed 
water  at  60°  (when  not  heated)  and  evaporation  at  300"^.  In  the 
latter  case  from  6^  to  10  lbs.  of  water  per  lb.  of  coal  would  be  the 
range  of  evaporate  power. 

The  relation  which  the  cost  of  fuel  bears  to  the  purchase-money  of 
an  engine,  and  the  extent  to  which  economy  may  be  practised, 
may  be  illustrated  by  an  example.  Let  it  be  assumed  that  an 
ordinary   non-condensing   engine   of   20   nominal  horse-power   will 
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cost,  including  boiler,  about  ;^5oo;  and  let  it  also  be  assumed 
that  such  an  engine  will  be  worked  at  a  pressure  and  speed  which 
will  give  out  50  indicated  horse-power.  With  coal  of  ordinary 
quality  the  consumption  will  probably  be  some  quantity  between 
5  and  10  lbs.  per  indicated  horse-power  per  hour,  the  lower 
amount  requiring  a  well-designed  engine  and  good  stoking,  and  the 
higher,  though  generally  implying  an  unnecessary  waste,  being  even 
less  than  takes  place  in  many  engines.  Assuming  that  the  en- 
gine is  working  60  hours  per  week,  or  3000  hours  per  annum,  the 
yearly  consumption  of  fuel  will  be  from  335  to  670  tons,  which,  at 
the  value  of  ;^i  per  ton,  shows  a  difference,  and  therefore  allows 
a  margin  for  saving,  of  ^335  per  annum.  If  high-pressure  steam 
be  used  expansively,  and  the  feed  water  heated  with  the  exhaust- 
steam,  the  consumption  may  be  reduced  to  lower  limits,  say  from 
4  to  7  lbs.,  according  to  the  skill*  in  stoking  and  other  circum- 
stances. But  even  the  lower  of  the  two  rates  involves  a  very 
unnecessary  consumption  of  fuel.  An  ordinary  condensing  engine, 
to  produce  the  same  indicated  horse-power,  would  probably  cost 
about  ;^6oo,  and  would  consume  only  from  3  to  5  lbs.  of  coal  per 
indicated  horse-power  per  hour;  and  by  the  skilful  use  of  com- 
pound engines,  and  well-arranged  boilers,  the  consumption  can 
be  kept  down  to  2  lbs.,  and  even  \\  lb.  has  been  reached  for  a 
short  time  under  specially  favourable  circumstances.  As,  however, 
even  \\  lb.  is  far  in  excess  of  what  in  theory  will  generate  steam 
equal  to  i  horse-power,  it  would  be  presumptuous  to  affirm  that 
further  economies  are  impossible  in  the  future.  In  some  cases  it  is 
probable  that  the  saving  will  be  best  effected  by  using  gaseous  fuel, 
that  is  to  say,  by  first  making  gas  from  the  coal  and  then  consuming 
it  in  a  gas  engine,  so  avoiding  the  intermediary  of  a  steam  boiler. 

It  is  a  mistake,  however  to  suppose  that  where  coal  is  cheap  an 
excessive  consumption  may  be  disregarded,  for  not  only  has  the  cost 
of  the  coal  to  be  considered,  but  the  additional  furnace  capacity 
for  burning  the  coal,  the  wear  and  tear  of  the  boilers,  the  extra 
labour  in  stoking  and  the  removal  of  the  cinders.  These  expenses 
will  together  almost  always  exceed  the  interest  on  the  capital  appa- 
rently saved  by  buying  cheap  engines  which  consume  much  fuel. 


Economy  in  fuel, 
how  obtainable. 


As  just  Stated,  economy  in  fuel  depends  upon  the  proper  construc- 
tion of  both  engine  and  boiler,  and  can  only  be  maintained  by  skilful 
management,  these  essential  conditions  requiring  that — 
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(a)  The  fuel  shall  all  be  consumed  in  the  furnace  without  being 
wasted  either  in  the  form  of  combustible  cinders,  smoke,  or  vapours. 
To  this  end  it  is  necessary  that  the  boilers  shall  be  of  a  proper  kind, 
and  properly  set. 

(b)  As  much  as  possible  of  the  heat  generated  in  the  furnace  shall 
be  transferred  to  the  water  in  the  boiler,  and  the  minimum  amount 
escape  either  into  the  stoke-hole  or  up  the  chimney ;  this  efficiency 
requiring  a  large  heating  surface  and  good  stoking. 

{c)  The  heat  in  the  boiler  shall  not  be  wasted  by  radiation 
from  the  boiler  or  from  the  pipes  which  conduct  the  steam  to 
the  engine ;  and  to  ensure  this,  the  boiler,  steam-pipes,  and  cylinder 
must  be  protected  from  loss  by  radiation  by  some  non-conductor 
of  heat. 

{d)  The  steam  which  reaches  the  engine  shall  be  utilised  there  to 
the  utmost,  and  therefore  none  of  the  steam  in  the  engine  shall  be 
allowed  to  escape  till  as  much  as  possible  of  its  direct  and  expansive 
force  has  been  utilised.  Compound  and  triple-expansion  engines  are 
designed  to  effect  this.  The  feed  water  should  be  heated  by  the 
waste  heat  in  the  boiler  flues  or  by  the  exhaust  steam. 

{e)  The  force  necessary  to  overcome  the  friction  of  the  engine 
itself,  and  which  is  lost  from  the  effective  power,  shall  be  kept  as  low 
as  possible ;  and  therefore  that  the  engine  shall  be  so  designed,  and 
so  well  fitted  as  to  require  the  minimum  of  power  to  work  it. 

While,  however,  economy  thus  depends  both  upon  the  boiler  by 
which  the  steam  is  produced  and  upon  the  engine  which  uses  it, 
the  two  are,  as  has  been  seen,  entirely  distinct,  and  need  separate 
consideration. 
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The  earliest  Boilers^  though  made  of  various  forms — egg-ended.  Egg-ended  boiler, 
wagon-shaped,  circular  with  domed  tops — were  without  internal  flues 
of  any  kind ;  the  furnace  below  the  boiler  and  the  flues  around  it 
being  constructed  in  brickwork.  Although  much  skill  was  some- 
times shown  in  the  arrangement  of  the  flues,  a  large  proportion  of 
the  fuel  was  wasted  either  in  the  form  of  unbumt  coal  and  cinders  or 
in  the  smoke  and  heated  vapour  allowed  to  escape  up  the  chimney, 
or  as  heat  given  out  from  the  surface  of  the  boiler  and  its  surrounding 
brickwork.  The  water  could  not  be  heated  quickly,  and  boilers  of 
large  size  were  necessary  to  produce  sufficient  steam.  Boilers  of  this 
kind  are  very  seldom  made  now,  though  they  are  occasionally  to  be 
found  at  collieries  and   peaces  where  there  is  much  cheap  fuel,  or 
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where  there  is  refuse  fuel,  a  riddance  from  which  is  desired,  or  where 
the  waste  heat  from  coke-ovens  or  furnaces  can  be  utilised.  The 
wagon-shaped  boiler,  which  contains  one  tube  or  flue,  was  an  advance 
on  the  previous  kind ;  but  the  great  advantages  as  regards  strength 
which  a  circular  shape  allows,  caused  the  wagon  shape  also  to  be 
superseded.  The  Cornish  boiler  and  the  Lancashire  boiler  were  a 
marked  improvement  upon  any  of  the  previous  kinds.  They  are  of 
cylindrical  form,  generally  of  some  diameter  between  4  ft.  6  in.  and 
8  ft.,  and  of  some  length  between  8  ft.  and  30  ft.  They  contain  one 
or  two  internal  tubes  or  flues,  boilers  not  exceeding  6  ft.  diameter 
generally  having  one,  and  those  more  than  6  ft.  diameter  two,  of  such 
tubes ;  those  with  one  tube  being  known  as  Cornish,  and  those  with 
two  tubes  as  Lancashire  boilers.  The  tubes  are  of  some  diameter 
generally  approximating  to  one-half  of  the  diameter  of  the  boiler 
when  there  is  one  tube,  and  to  one-third  when  there  are  two  tubes. 
In  each  tube  is  placed  a  furnace,  and  the  flames  and  heated  vapours 
having  passed  along  the  tube  are,  in  the  majority  of  cases,  then 
taken  under  and  along  the  outside  of  the  boiler  in  brick  flues,  and 
thence  to  the  chimney.  The  advantages  afforded  in  the  heating  of 
the  water  by  thus  having  the  furnace  and  the  hottest  of  the  vapours 
in  the  interior  of  the  boiler  are  obvious ;  and  boilers  of  smaller  size 
than  those  without  internal  flues  will  produce  as  much  steam  in  a 
given  time. 

Multitubular  boilers  are  either  vertical  or  horizontal,  and  almost 
always  cylindrical,  even  for  marine  engines,  where  they  were  fonnerly 
of  such  shape  (generally  rectangular)  as  best  suited  the  exigencies 
of  space  in  a  steamship.  But  the  advantages  of  a  circular  form  led 
to  its  adoption  in  marine  boilers  to  resist  high-pressure  steam.  In 
multitubular  boilers  there  is  the  same  principle  of  internal  flues  as  in 
a  Cornish  or  Lancashire  boiler,  but  instead  of  one  or  two  tubes  there 
are  numerous  tubes  of  small  diameter,  generally  from  2  to  3]^  in. 
diameter,  through  which  the  gases  pass  to  the  chimney.  The 
heated  surface  which  is  presented  to  the  water,  by  thus  piercing  it 
with  a  multitude  of  fiery  tubes,  is  in  the  aggregate  very  great,  and 
steam  can  be  produced  rapidly ;  a  great  reduction  in  the  size  of  the 
boiler  is  allowed ;  and  it  can  be  made  complete  or  "  self-contained  " 
without  the  necessity  for  any  brickwork  flues  or  setting.  If  the 
adoption  of  this  method  of  constructing  boilers  were  not  limited  by 
certain  opposing  considerations,  all  other  kinds  would  be  soon 
abandoned.     The  question  is  an  important  one,  on  which  there  arc 
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constantly  diverse  opinions.  The  multitubular  boiler  was  first  de- 
signed for  locomotives,  as,  in  the  small  space  there  available,  one  or 
two  internal  tubes  of  large  diameter  were  totally  inadequate.  The 
rapidity  with  which  water  can  be  heated  and  steam  generated  in  a 
multitubular  boiler  (so  that  from  a  boiler  of  limited  size  a  large 
supply  of  steam  can  be  kept  up)  at  once  ensured  its  adoption.  In  a 
locomotive,  although  economy  in  fuel  is  desirable,  as  in  other  engines, 
the  production  of  sufficient  steam  in  a  boiler  whose  size  is  necessarily 
limited,  is  the  primary  consideration,  and  the  one  which  renders 
the  multitubular  system  absolutely  essential.  But  even  the  numerous 
tubes  would  be  insufficient  to  produce  steam  quickly  enough  for  the 
purposes  of  a  locomotive,  were  it  not  for  the  happy  addition  of  the 
steam-blast.  The  exhaust-steam  from  the  engine  cylinders  is  dis- 
charged in  such  a  manner  as  to  intensify  the  draught  through  the  tubes, 
the  vapours  from  which  are  taken  with  the  steam  in  one  rushing 
blast  up  the  chimney.  In  a  marine  engine,  although  there  is  not  the 
absolute  impossibility,  as  in  a  locomotive,  of  having  outer  flues  of  brick- 
work, it  may  be  considered  practically  impossible.  As,  however,  in 
marine  engines,  there  is  seldom  a  blast  to  stimulate  the  draught  and 
keep  the  tubes  free  from  soot,  and  as  the  tubes  cannot  be  cleaned 
so  often  as  in  a  land  boiler,  the  tubes  are  made  larger  and .  shorter,  a 
diameter  of  about  3^  in.  being  usual,  while  in  locomotive  or  portable 
engines  the  tubes  range  from  2  in.  to  2 J  in.  Combustion  is,  how- 
ever, encouraged  in  some  marine  boilers  by  a  forced  draught,  air  being 
forced  into  the  stoke-room,  or  into  the  furnaces,  by  revolving  fans. 

In  a  portable  engine,  the  importance  of  having  a  boiler  sufficiently 
small,  and  the  impossibility  of  having  outside  flues  of  brickwork, 
render  the  multitubular  boilers  almost  as  necessary  as  in  a  loco- 
motive. In  these  three  important  kinds  of  engines,  therefore — the 
Locomotive,  the  Marine,  and  the  Portable — there  can  be  no 
difference  of  opinion  as  to  the  propriety  of  using  multitubular 
boilers.  But  in  regard  to  stationary  engines,  opinions  are  divided. 
Multitubular  boilers  as  usually  made  in  Great  Britain,  of  th^  loco- 
motive type,  are  self-contained,  need  have  no  outside  setting,  and 
though  tubes  have  periodically  to  be  replaced,  such  boilers  hardly 
ever  explode.  On  the  other  hand  they  cost  more  than  Cornish 
boilers,  require  repairs  more  frequently,  are  less  accessible  for 
repairs  and  cleaning,  and  do  not  last  so  long.  The  furnace,  fire- 
box and  tubes,  and  their  connecting  parts,  have  to  endure  fiercer 
and   more   concentrated   heat   than   the   simpler  parts  of  a   larger 
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Cornish  or  Lancashire  boiler.  The  inconvenience  and  loss  which 
are  occasioned  by  the  bursting  of  a  tube,  or  by  any  other  mishap 
which  involves  the  temporary  stoppage  of  the  engine,  together  with 
the  trouble  and  expense  of  replacing  a  worn-out  boiler  by  a  new  one, 
disinchne  many  users  of  steam-engines  from  multitubular  boilers,  and 
lead  them  to  prefer  the  Cornish  type  of  boiler.  These  inconveniences 
can  be,  and  often  are,  largely  neutralised  by  having  one  or  more 
sp)are  boilers  ready  for  use  during  the  repair  or  replacement  of  a 
defective  one ;  and  the  capital  sunk  in  such  extra  boilers  must  be 
considered  as  an  investment,  for  which  the  compensations  obtained 
are  a  sufficient  return.  In  stationary  engines,  however,  there  is  not 
the  same  limited  space  as  in  the  engines  just  now  alluded  to  ;  and  it 
is  in  such  cases,  where  there  is  ample  room  for  external  brick  flues, 
that  Cornish  boilers  appear  to  the  best  advantage,  and,  when  well 
arranged,  consume  less  fuel  than  those  "  self-contained  "  multitubular 
boilers  without  external  flues.  But  there  is  a  growing  tendency 
towards  the  use  of  high-pressure  steam  and  quick-speed  engines,  and 
it  is  sometimes  difficult  in  a  Cornish  boiler,  unless  it  be  made  of 
excessive  size,  to  maintain  a  sufficient  supply  of  steam.  Moreover, 
the  small  size  of  multitubular  boilers  not  only  renders  them  stronger 
than  the  larger  Cornish  boilers,  but  they  are  of  less  weight,  and  oc- 
cupy less  space.  When  a  Cornish  boiler  for  a  20  horse-power  engine 
would  cost,  complete  with  fittings,  ^£^180,  a  multitubular  boiler  would 
probably  cost  about  ;^25o,  but  the  latter  may,  if  desired,  be  arranged 
with  little  or  no  brickwork. 

Such  opposing  conditions  have  suggested  many  expedients,  which 
have  generally  taken  the  shape  of  some  compromise  between  the  two 
kinds  of  boilers.  In  some  Cornish  or  Lancashire  boilers,  vertical  or 
diagonal  tubes  are  inserted  across  and  through  the  ordinary  tubes, 
by  which'  plan  the  effective  heating  surface  is  much  increased,  a 
beneficial  circulation  of  the  water  promoted,  a  more  rapid  generation 
of  steam  caused,  and  the  main  tubes  are  strengthened  against 
collapse.  In  other  cases  a  boiler  of  a  hybrid  kind  is  constructed, 
with  the  furnace  and  parts  adjacent  of  the  Cornish  form,  and  the 
further  part  multitubular.  In  both  these  cases  the  parts  are  more 
accessible  than  in  an  ordinary  multitubular  boiler ;  and  as  the  heat 
in  the  further  end  of  a  boiler  flue  is  only  a  fraction  of  that  in  the 
furnace,  the  small  tubes  are  not  severely  tried;  and  there  is  the 
same  advantage  as  in  an  ordinary  Cornish  boiler,  of  having  external 
flues  of  brickwork.     If  the  latter  are  adopted,  the  heated  vapours. 
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after  leaving  the  internal  tubes,  can  be  effectively  conveyed  round 
the  outside  of  the  boiler,  and  the  minimum  allowed  to  pass  up  the 
chimney  in  waste.  With  a  properly  proportioned  grate-surface,  and 
by  careful  stoking,  the  consumption  of  fuel  in  such  boilers  can  be 
kept  as  low  as  in  any  known  kind  of  boiler.  Cross  tubes,  as  above 
described,  are  now  generally  inserted  in  the  furnaces  of  small  self- 
contained  vertical  boilers  used  for  steam-cranes,  winches,  and  similar 
purposes,  as  it  is  found  that  numerous  smaller  tubes  would,  in  so 
confined  a  space,  be  liable  to  be  choked  up  and  to  bum  away.  In 
the  small  boilers  used  for  these  purposes,  it  is  impossible  to  prevent 
the  escape  through  the  chimney  of  heated  vapour  which  in  larger 
boilers  might  be  utilised;  but  as  no  other  kind  of  boiler  is 
practicable,  the  great  convenience  and  saving  which  such  engines 
afford,  as  compared  with  manual  force,  justify  the  consumption  of 
fuel  which  takes  place.  Thus,  while  in  a  small  cross-tube  boiler 
the  heat  in  the  chimney  may  exceed  700°,  that  in  the  chimney 
of  Cornish  or  Lancashire  boilers  can  be  kept  as  low  as  400°,  for 
if  the  temperature  in  the  chimney  exceed  400°,  it  can  be  reduced 
by  interposing  a  feed- water  heater  to  absorb  and  utilise  some  of  the 
heat. 

In  the  United  States,  boilers  of  the  Cornish  or  Lancashire  type 
are  seldom  used  and,  for  fixed  engines,  either  a  multitubular  boiler  set 
in  brickwork,  or  a  water-tube  boiler  is  preferred.  In  the  first  of 
these  the  furnace  is  constructed  in  brickwork  below  the  boiler,  the 
outer  plates  of  which  receive  the  fiercest  of  the  fire.  The  flames  and 
heated  vapours  having  passed  forward,  return  the  whole  length  of  the 
boiler  through  the  tubes,  and  then,  by  side  flues  in  the  brickwork,  to 
the  chimney. 

Water-tube  boilers  are  composed  of  groups  of  tubes  of  from  3  in. 
to  6  in.  diameter,  so  arranged  in  a  brick  setting  that  the  flames  and 
vapours  pass  through  and  between  the  groups  in  thfe  opposite  direction 
to  that  in  which  the  water  circulates  in  the  tubes.  The  horizontal  trunk 
above  the  tubes  forms  a  water  and  steam  space.  These  l)oilcrs,  whose 
component  parts  are  small  and  simple,  are  more  easily  made  than 
those  of  plates  riveted  together ;  the  tubes,  being  of  small  diameter, 
are  strong  against  the  steam  pressure,  and  all  the  parts  of  the  boiler 
being  of  moderate  size  and  weight,  can  be  easily  carried  and  ])ut 
together  /;/  situ.  These  advantages  were  great  in  a  country  haviniiir 
long  distances  for  transport,  and  in  cities  where  the  makin-:?  and 
setting  of  large  Lancashire  boilers  would  be  difficult.     The  fact  that 
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the  earlier  boilers  of  this  type  were  mainly  composed  of  cast  iron,  led 
European  engineers  to  distrust  them,  but  since  the  tubes  have  been 
made  of  welded  or  drawn  steel,  and  the  tube-boxes  or  "headers" 
in  which  the  tubes  are  assembled  are  also  of  steel  pressed  into  shap)e, 
the  several  advantages  afforded  are  more  widely  appreciated.  The 
boilers  involve  the  minimum  of  risk,  as  the  quantity  of  stored-up  steam 
is  smaller  than  in  other  boilers ;  a  failure  of  any  one  tube  is  limited 
in  its  effects ;  spare  tubes  can  be  kept  in  stock  ;  and  the  boilers  can 
be  easily  repaired. 

Water-tube  boilers  of  the  "  Belleville  "  type  were  first  used  in  the 
French  navy,  and  the  same  principle  having  in  England  been  tried 
successfully  in  steam  launches,  was,  about  the  year  1895,  applied  in 
war-ships  of  the  largest  size.  Steam  can  be  raised  very  rapidly  in 
these  boilers,  and  the  small  parts  of  which  they  are  composed  can 
be  easily  repaired  or  replaced  at  sea.  But  while  they  have  been 
used  almost  exclusively  for  marine  engines,  they  may  be  convenient 
in  land  engines  also  where  it  is  desired  to  obtain  steam-power  in 
the  smallest  space. 

So  long  as  engineers  or  users  of  steam-power  are  met  by  opposing 
conditions — as  for  instance,  on  the  one  hand,  by  a  limited  space  or 
the  need  for  a  self-contained  boiler  independent  of  all  brickwork,  or 
for  one  which  will  generate  steam  very  quickly  :  and  on  the  other  hand, 
by  the  inconvenience  of  tubes  or  connecting  parts  which  may  require 
frequent  cleansing,  repairs,  or  renewals — there  will  remain  for  con- 
sideration how  best  these  conditions  can  be  reconciled  and  the 
best  result  attained.  The  conflicting  merits  and  demerits  of  different 
kinds  of  boilers  can  only  be  weighed,  and  a  proper  choice  arrived  at, 
on  the  basis  of  the  circumstances  enumerated  on  pages  567-68.  What- 
ever boiler  may  be  adopted,  the  amount  of  fuel  consumed  will  of 
course  much  depend  upon  its  quality,  on  the  proper  air-spacing  of 
the  fire-bars,  and  on  the  efficiency  of  the  stoking.  Conversely,  the 
kind  of  fuel  which  will  be  most  effective  depends  upon  the  form  of 
the  boiler,  the  shape  and  size  of  the  furnace,  and  on  the  draught. 
Some  kinds  of  coal  demand  a  great  draught;  there  are  others  in 
which  combustion  must  be  checked ;  and  if  certain  kinds  of  fuel  are 
more  easily  obtained  than  others,  it  is  ver>'  important  that  the  boiler 
should  be  constructed  accordingly. 

The  introduction  of  Bessemer  and  other  modem  kinds  of  steel  led 
to  the  use  of  much  higher  pressure  steam  than  formerly,  for  though 
the    advantages   of    using   high-pressure    steam    expansively    were 
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beginning  to  be  recognised  before  steel  was  available,  iron  boilers 
with  plates  of  moderate  thickness  were  not  strong  enough,  except  in 
boilers  of  small  diameter,  to  give  a  sufficient  margin  of  safety,  and, 
if  made  thicker,  the  plates  were  not  only  more  difficult  to  bend  and 
rivet,  but  impeded  greatly  the  transfer  of  the  heat  from  the  furnace 
to  the  water,  and  the  plates  were  liable  to  become  unduly  heated. 
But  by  using  mild  steel,  having  a  tensile  strength  of  about  27  tons 
per  square  inch,  instead  of  iron,  where  only  20  tons  can  be  safely 
depended  on,  a  corresponding  increase  in  the  working  pressure  is 
allowed  without  increasing  the  thickness,  and  steel  is  universally  used 
in  boilers  of  large  diameter  working  at  pressures  above  100  lbs. 
But  while  the  outer  shells  of  circular  steel  boilers  have  a  high 
resistance  to  the  tensile  strains  they  have  to  bear,  the  internal  flues, 
which  have  to  endure  an  outer  or  crushing  force,  are  not,  if  of  a  plain 
cylindrical  form,  sufficiently  strong  to  resist  collapse.  This  is 
especially  the  case  in  marine  boilers,  and  to  meet  these  cases  the 
flues  are  made  with  corrugations,  sometimes  spirally  arranged  and 
sometimes  at  right  angles  to  the  axis,  these  corrugations,  though 
inconvenient  in  some  respects,  affording  the  necessary  stiffness. 

It  is  usual  in  the  purchase  of  boilers  to  have  them  tested  before 
leaving  the  manufactory — a  test  with  water  to  double  the  intended 
working  pressure,  and  a  subsequent  test  with  steam  to  the  maximum 
working  pressure,  being  usual.  But  tests  of  this  kind,  though  proving 
the  absence  of  gross  faults  in  workmanship,  and  of  flaws  in  the  iron 
or  steel,  do  not  alone  prove  the  sufficiency  of  the  boiler  for  long  service. 
Boilers  have  to  endure  not  only  the  pressure  of  the  steam,  but  severe 
strains  from  the  alternate  expansion  and  contraction  of  the  iron  or 
steel  when  hot  and  cold,  and  also  the  action  of  the  fire  upon  the 
plates  in  and  about  the  furnace.  As  it  is  important  to  have  a  sufficient 
margin  of  safety  against  these  contingencies,  it  is  usual  to  stipulate 
for  a  certain  thickness  and  quality  of  iron  or  steel ;  and  makers  in 
stating  their  prices  may  be  called  upon  to  specify  these  points.  In 
certain  parts  of  the  boiler  the  quality  of  the  material  is  sufficiently 
proved  by  its  enduring  the  flanging,  bending,  and  other  treatment 
during  manufacture,  and  if  of  iron,  a  superior  quality  made  from  re- 
fined cold-blast  iron  is  generally  used  for  parts  exposed  to  the  fire. 
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Stationary  Steam-engines  may  be  divided  into  three  kinds,  and 
placed  in  the  following  order :  non-condensing-engines,  condens- 
ing-engines,  compound  engines.     For  the  first  of  these  the  ordinary 
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name  was  formerly  "  high-pressure  "  engine,  because,  since  its  power 
was  derived  directly  from  the  steam  instead  of  from  the  vacuum 
produced  in  a  condenser,  higher  pressure  was  employed  than  in  the 
latter  case.  But  now  that  high-pressure  steam  is  used  in  condensing 
engines,  the  term  is  not  sufficiently  distinctive  and  often  misleads. 
The  vast  majority  of  engines  now  made  are  non-condensing,  the  ad- 
ditional apparatus  required  in  a  condensing-engine  occupying  space, 
while  it  renders  the  machine  more  complicated  and  expensive.  In  a 
locomotive,  the  limited  space  would  alone  render  a  condenser  impos- 
sible, and  the  same  objection  applies  with  almost  equal  force  in 
portable  engines  of  all  kinds.  In  a  marine  engine,  different  condi- 
tions determine  a  choice,  for— unlike  the  locomotive,  which  need 
only  carry  coal  for  a  few  hours*  consumption — a  large  supply  has  to  be 
carried,  the  space  occupied  by  which  is  very  valuable.  The  economy 
in  coal,  and  therefore  in  the  stowage  space  for  coal,  which  condensing 
engines  allow,  far  exceeds  the  value  of  the  extra  space  which  a  con- 
densing apparatus  occupies,  and  as  also  water  is  abundant  for  surface 
condensation,  condensing  engines  are  used  in  all  steamers,  except  in 
small  boats  for  river  or  harbour  service,  which  can  take  in  fresh  coal 
as  often  as  a  locomotive. 

Non-condensing-engines  were,  up  to  about  the  year  1850,  generally 
worked  at  a  pressure  of  from  20  to  40  lbs.  per  square  inch ;  and  the 
steam,  after  being  admitted  to  the  cylinder  during  nearly  the  whole  of 
the  stroke,  was  discharged  into  the  atmosphere  at  a  considerable  and 
therefore  wasteful  pressure.  Boilers  and  engines  had  to  be  made  of 
large  size  to  produce  a  given  power,  and  the  consumption  of  fuel  was 
excessive.  It  was  found,  however,  that  boilers  could  as  easily  be  made 
strong  enough  for  high  as  for  low  pressure,  and  the  practice  of  using 
steam  expansively  became  general.  It  is  a  matter  of  the  simplest 
demonstration,  that  steam  worked  expansively,  that  is  to  say,  high- 
pressure  steam  admitted  to  a  cylinder  for  only  a  portion  of  the  stroke 
— one-third,  one-fourth,  or  one-sixth,  as  occasion  may  require — ^and 
then,  the  supply  from  the  boiler  being  shut  off,  allowed  to  expand  into 
the  increasing  space  left  by  the  advancing  piston,  will,  by  such  a 
method,  produce  a  given  power  with  far  greater  economy  than  is 
possible  with  the  old  system.  Since  the  expansive  use  of  steam  has 
become  adopted,  a  pressure  of  80  to  100  lbs.  is  commonly  used  in 
stationary  engines ;  and  the  advantages  obtained  are  so  considerable 
that  greater  pressures  have  become  general  in  the  best  types  of  engine. 
Moreover,  space  is  saved  by  obtaining  the  best  effect  from  an  engine 
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of  given  size,  and  the  additional  cost  for  making  the  various  parts 
strong  enough  for  the  power  given,  is  small  compared  with  the 
advantages  gained. 

Locomotives,  in  which  great  power  has  to  be  concentrated  into 
small  space,  are  worked  at  from  120  to  170  lbs.  per  inch;  but  this 
requires  a  forcing  of  the  combustion,  which  does  not  tend  to  economy 
in  fuel,  and  is  not  expedient  therefore  for  ordinary  fixed  engines. 
The  use  now  of  higher  pressure  steam  than  formerly,  enhances  the 
value  of  those  precautions  which  are  necessary  to  prevent  waste  by 
premature  condensation.  Steam  as  it  leaves  the  boiler  always  con- 
tains more  or  less  water,  as  shown  in  extreme  cases  by  "  priming  "  ; 
and  however  much  the  pipes  and  other  parts  may  be  enveloped  in 
material  which  is  a  non-conductor  of  heat,  condensation  takes  place 
which  increases  the  amount  of  water  in  the  steam,  and  there  is  a  loss 
of  pressure  which  implies  a  corresponding  loss  of  fuel.  To  counter- 
act this  condensation,  the  principle  of  superheating  was  introduced. 
This  consists  in  increasing  the  temperature  of  the  steam  after  it  leaves 
the  boiler,  so  as  to  transform  into  steam  the  globules  of  water  held  in 
suspension,  and  beyond  this,  to  dry  or  superheat  the  steam  to  a  higher 
tem])erature  than  that  which  corresponds  to  its  elastic  force ;  and  this 
extra  store  of  heat  compensates  for  the  loss,  which  in  any  case  it  must 
undergo,  in  transmission  to  the  engine ;  and  also  tends  to  prevent  the 
condensation  of  the  steam  during  the  expansion  in  the  cylinder. 
Various  forms  of  apparatus  have  been  used  for  sui)erheating  steam, 
but  in  most  of  them  it  is  sought  to  conduct  the  steam,  in  its  jjassage 
from  the  boiler  to  the  engine,  through  pipes  or  vessels  heated  by  the 
waste  vapours  from  the  furnace.  It  has  been  found,  however,  that 
steam  superheated  beyond  a  certain  point  damages  the  valves,  pistons, 
packing  and  other  working  parts  of  the  engine;  and  for  these 
reasons  the  application  of  this  system,  even  within  safe  bounds,  has 
been  greatly  limited.  A  step  in  the  same  direction  is  the  making 
of  engine  cylinders  with  steam-jackets,  or,  in  other  words,  giving 
them  a  double  shell,  so  that  when  the  annular  sj>ace  between  the 
shells  is  filled  with  steam,  a  high  temperature  inside  the  cylinder  is 
maintained,  thus  reducing  the  partial  condensation  which  the  steam 
inside  the  cylinder  undergoes  when  brought  into  contact  with  a  sur- 
face of  a  temperature  less  than  its  own.  Steam-jacketing  is  most 
needed  where  high-pressure  steam  is  used  and  cut  off  early  in  the 
stroke,  to  minimise  the  reduction  in  temperature  during  expansion. 
Even  without   steam   in   the  jacket,  a  double  shell   is  effective  in 
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minimising  the  fall  in  temperature  inside.  But  notwithstanding  all 
precautions,  there  is  a  great  loss  at  this  point  in  the  process  of  trans- 
muting heat  force  into  mechanical  energy.  The  great  difference 
between  the  steam  force  generated  in  the  boiler  and  that  utilised  in 
the  engine  cylinder,  as  shown  by  an  indicator  diagram,  mostly  arises 
from  loss  during  expansion. 

A  certain  stage  in  the  path  of  economy  having  been  reached  by 
using  high-pressure  steam  expansively,  and  by  steam-jacketing  the 
cylinders,  the  next  step  forward  was  to  use  high-pressure  steam  in 
condensing-engines.  Although  the  first  cost  is  greater  and  more 
space  is  required,  and  more  working  parts  are  rendered  necessary,  the 
economy  in  fuel  which  the  use  of  condensers  allows,  more  than  out- 
weighs these  drawbacks  in  the  majority  of  cases.  Small  engines 
are  not,  however,  usually  so  made,  and  20  horse-power  may  be  stated 
as  about  the  point  at  which  condensing  engines  commence.  As, 
however,  the  gain  (which  ranges  from  12  lbs.  to  14  lbs.  per  square 
inch  on  the  piston)  afforded  by  condensation  is  less  in  proportion  to 
the  total  force  as  the  pressure  of  steam  is  increased,  condensers  are 
seldom  applied  to  land  engines  working  with  more  than  80  lbs. 
steam  pressure  except  in  compound  engines. 

The  strict  analysis  to  which  the  operations  of  a  steam-engine  have 
been  subjected  in  all  its  parts,  and  the  unprofitable  consumption  of 
fuel  which  such  analysis  discloses,  led  to  the  closer  appreciation 
of  the  conditions  of  economy  and  to  the  consequent  introduction  of 
compound-engines.  In  these  the  exhaust  steam  from  the  cylinder, 
having  first  been  allowed  to  exi)and,  is  then,  instead  of  being  dis- 
charged into  the  atmosphere  (or  if  in  a  condensing  engine  into  the 
condenser),  transferred  at  its  reduced  but  still  effective  pressure  into  a 
second  cylinder  of  larger  diameter,  where  it  expands  still  further,  so 
that  when  it  exhausts  into  the  atmosphere  or  into  a  condenser  its 
pressure  is  not  more  than  i  to  5  lbs.  i)er  inch. 

This  method  became  generally  known  about  1850,  and  its  adapta- 
tion to  marine  engines  took  place  about  fifteen  years  later.  For 
sea-going  steam-ships,  where  the  stowage  of  the  coal  as  well  as  its  cost 
is  important,  compound^engines  or  triple-expansion  engines,  where 
the  princijjle  is  carried  still  further  by  having  three  instead  of  two 
successive  expansions,  may  be  said  to  be  now  universally  adopted. 
An  even  further  develofmient,  by  using  quadruple  expansion,  is  some- 
times adopted,  but  the  saving  is  slight,  and  not  always  deemed 
sufficient  to  balance  the  extra  cost  and  uiconvcnicncc  of  obtaining  it. 
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Another  classification  of  steam-engines  is  according  to  their  shape. 
The  rocking-beam  was  the  form  in  use  for  pumping-engines  when 
Watt  commenced  his  career,  and  it  was  this  form  of  engine  which  he 
adopted,  and  in  which  he  introduced  all  his  improvements.  The 
ease  and  smoothness  of  action  in  a  beam-engine  render  it  perhaps 
the  most  enduring  of  all,  and  the  vertical  cylinder,  in  which  the  piston 
wears  more  equably  than  in  a  horizontal  engine,  is  an  advantage 
valued  by  some  engineers.  In  cases  where  a  steam-engine  is  required 
for  regular,  unchanging,  and  permanent  work,  at  moderate  speed,  and 
especially  also  where  a  breakdown  would  be  attended  with  disaster — 
all  of  which  conditions  are,  for  instance,  met  with  in  the  case  of  a 
pumping-engine  for  supplying  a  town  with  water,  or  in  the  blowing- 
engine  for  a  blast  furnace — many  engineers  still  prefer  the  beam-engine ; 
but  beam-engines  are  not  adapted  for  the  high  speeds  which,  for  other 
purposes,  are  found  advantageous  in  modem  practice.  It  was 
formerly  the  custom  in  spinning  factories,  engineering  workshops, 
and  similar  cases,  to  transmit  the  power  of  the  engine  from  the  fly- 
wheel by  belts  or  gearing,  which  increased  the  speed,  but  it  is  now 
considered  better  to  work  the  engine  itself  at  a  higher  speed  and  to 
continue  the  main  shaft  direct  into  the  factory.  This  practice  alone 
leads  often  to  the  substitution  of  horizontal  engines.  Beam-engines 
are  generally  made  with  condensing  apparatus;  they  are  seldom 
made  smaller  than  30  horse-power;  they  cost  from  one-fourth  to 
one-half  more  than  horizontal  engines ;  and  longer  time  is  required 
for  making  them.  Beam-engines  not  only  cost  more,  but  they  also 
require  more  expensive  buildings  and  foundations ;  and  it  may 
be  stated,  as  an  almost  universal  opinion  of  modem  engineers, 
that  beam-engines  do  not  offer  advantages  sufficient  to  justify  their 
cost,  and  they  are  every  year  becoming  fewer  in  proportion  to  other 
kinds. 

Hoi'izontal  engines^  of  which  more  are  made  than  of  all  other  kinds 
put  together,  are  simple  and  compact ;  they  lie  low  and  steadily  on 
a  level  foundation  easily  constructed,  and  are  cheap.  They  are  the 
kind  now  most  frequently  adopted,  even  for  pumping  from  mines,  where 
beam-engines  were  formerly  universally  used.  For  winding  from  mines 
also  horizontal  engines  are  chiefly  used,  and  are  fitted  with  sensitive 
valves,  reversing-gear,  and  powerful  brakes,  so  that  though  they  mn 
at  a  high  speed  they  can  be  easily  stopped  and  reversed.  The  ordi- 
nary type  of  horizontal  engines  may  be  described  as  having  a  long 
cast-iron  bed-plate,  on  which  the  cylinder,  guides,  and  plummer-blocks 
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are  bolted ;  the  bearing-surfaces  on  the  bed  for  all  these  parts  being 
in  the  process  of  manufacture  conveniently  planed  at  one  operation. 
The  feed-pump  is,  in  some,  placed  vertically  under  the  crank-shaft, 
from  which  the  necessary  power  is  taken  by  an  eccentric ;  in  other 
cases  the  feed-pump  is  placed  horizontally  by  the  side  of  the  guides 
on  the  bed-plate,  and  worked  by  the  piston  cross-head.  The  pump  is 
more  accessible  by  the  latter  plan,  but  if  breakage  takes  place  it  is 
more  inconvenient  there  than  by  the  former  plan.  The  above  form  of 
engine  is  usually  adopted  for  sizes  between  lo  and  60  horse-power. 
Horizontal  engines  of  this  kind  cost  from  ;;^i2  to  ^14  per  nominal 
horse-power  for  sizes  between  8  and  20  horse-power,  and  the  cost 
decreases  per  horse-power  as  the  size  increases,  so  that  with  an 
engine  of  50  horse-power,  the  cost  would  only  be  about ';£'io  per 
horse-power.  The  exact  price  at  any  time  varies,  not  only  with  the 
cost  of  materials  and  labour,  but  with  the  number  of  extra  fittings 
required.  Thus,  a  link-motion  reversing-gear,  as  for  winding-engines, 
or  special  pulleys  or  drums,  involves  extra  charges.  The  above 
prices  are  for  engines  only,  and  the  cost  of  Cornish  or  Lancashire 
boilers  with  their  fittings  and  connections  is,  for  the  smaller  sizes, 
more  than  that  of  the  engine;  but  above  12  horse-power,  the  pro- 
portionate cost  of  boilers  becomes  rather  less.  There  is,  however,  no 
fixed  relation  between  the  prices  of  engines  and  boilers,  as  obviously 
much  depends  on  the  kind  of  boilers,  and  the  other  circumstances  of 
each  case.  Engines  up  to  20  horse-power  can  either  be  purchased 
ready  made,  or  can  soon  be  finished  when  ordered.  But  engines  of 
higher  power  are  seldom  made  except  as  ordered,  and  the  manufac- 
ture generally  requires  from  one  to  three  months*  time. 

When  more  than  50  horse-power  is  required,  the  question  arises 
whether  a  pair  of  engines  is  not  preferable ;  and  it  becomes  difficult 
to  suggest  rules  for  guidance  which  are  not  likely  to  mislead,  as  in 
almost  all  such  cases  there  are  special  circumstances  which  have  to 
be  considered.  Where  there  is  a  likelihood  of  increased  power 
becoming  necessary  in  the  future,  the  engine-house  and  foundations 
may  be  constructed  with  a  view  to  the  after  addition  of  a  second 
engine  to  the  crank-shaft  of  the  first ;  and  the  crank-shaft  may  be 
made  long  enough  for  such  addition,  and  strong  enough  to  transmit 
the  additional  power. 

The  great  demand  for  horizontal  steam-engines  of  small  powder 
has  led  several  manufacturers  to  establish  standard  patterns  of  their 
own,  which  l)y  constant  repetition  can  be  made  very  cheaply.     The 
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parts  are  few  and  simple ;  the  bed-plate  is  short,  because  the  cylinder 
overhangs,  and  one  principal  casting  suffices  for  bed-plate,  guides, 
and  plummer-block.  This  form  of  engine  is  chiefly  adopted  for 
sizes  between  3  and  20  horse-power,  any  of  which  can  be  purchased 
ready  made  for  about  20  per  cent,  less  than  the  horizontal  engines 
just  described. 

Vertical  engines  are  very  useful  where  floor  area  is  limited,  as 
considerable  power  can  be  obtained  in  a  small  space.  But  unless  the 
walls  can  be  utilised  for  the  attachments  wide  base-plates  are  needed, 
and  the  foundations  are  more  expensive  than  those  for  horizontal 
engines.  Small  vertical  engines  are  made  in  various  forms,  as  de- 
tached engines  with  separate  boilers,  or  as  complete  self-contained 
semi-portable  machines  with  boiler  and  engine  in  one.  Wall  engines 
may  be  described  as  horizontal  engines  placed  vertically,  and  bolted 
to  a  wall  instead  of  to  the  ground,  as  the  general  arrangement  of  the 
parts  is  in  other  respects  similar.  When  a  strong  wall  is  available  this 
mode  of  fixing  the  engine  is  often  very  useful,  as  the  crank-shaft  can 
be  continued  directly  as  a  line  of  shafting  at  a  convenient  height  from 
the  ground.  It  is  becoming  usual,  in  large  engineering  factories  where 
there  are  numerous  machines,  to  erect  several  small  engines  instead  of 
one  large  engine,  so  that  the  machinery  in  any  one  department  can,  if 
necessary,  be  kept  going  without  working  the  whole  engine  power, 
thus  reducing  the  inconvenience  from  accidents  by  dividing  the  risks 
over  numerous  engines.  In  cases  like  these,  where  there  is  a  range  of 
workshops  side  by  side,  the  engines  working  in  each  gable  wall  may 
be  made  a  symmetrical  feature  in  the  architectural  design.  Wall 
engines  cost  about  the  same  as  horizontal  engines. 

High-speed  engines  are  a  modern  development  of  the  steam  motor 
si)ccially  contrived  for  giving  power  to  certain  kinds  of  machines  to 
which  the  required  velocity  can  be  more  effectively  conveyed  by 
direct  connection  with  a  steam-engine  than  by  belts  or  toothed  wheels. 
Centrifugal  pumps,  ventilating  fans,  hydro-extractors,  circular-saws, 
small  screw-propellers,  and,  more  particularly,  electro-dynamos,  are 
examples  of  such  machines  in  which  the  main  shaft  is  a  prolongation 
of  that  of  the  steam-engine.  Even  well  made  engines  of  ordinary  kind 
cannot  run  steadily  at  more  than  about  200  revolutions  per  minute, 
the  reciprocal  movement  of  the  crank  and  the  centrifugal  movement 
of  the  fly-wheel  causing  vibrations  when  such  a  speed  is  exceeded.  But 
by  a  peculiar  design  and  arrangement  of  the  parts,  from  400  to  600 
revolutions  can  be  obtained  from  the  high-speed  engines  above  referred 
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to,  which  are  generally  placed  vertically.  In  some  cases  three  cylinders 
are  fixed  side  by  side,  working  on  to  one  crank-shaft ;  in  another  three 
steam  cylinders  are  arranged  radially  round  one  shaft,  to  which  the 
three  pistons  converge,  and  to  the  one  crank  of  which  they  give  motion. 
Mode  of  working.   In  the  latter  the  pistons  are  single-acting,  the  steam  being  admitted 

only  on  the  hinder  side ;  and  as  the  pistons  are  made  deep  enough  to 
guide  themselves  in  the  cylinders,  the  connecting  rods  are  hinged 
directly  on  to  the  piston,  after  the  manner  of  trunk-engines.  As  there 
is  no  "  dead  centre  "  a  fly-wheel  is  unnecessary,  and  the  connecting- 
Run  smoothly  and  rods  being  always  in  compression,  the  engine  runs  more  smoothly 

than  is  possible  in  the  case  of  an  ordinary  engine  where  the  connecting- 
rod  is  alternately  pushing  and  pulling  the  crank-pin. 

Ever  since  steam-engines  were  first  introduced,  there  have  been 

constant  attempts  among  engineers  and  others  to  design  an  effective 

Rotary  engines.    Rotary  engine ;   and  the  problem  is  fascinating,  because  a  continuous 

circular  motion  is  obviously  more  desirable — if  it  can  De  satisfactorily 
obtained — than  a  reciprocating  motion  which  has  to  be  changed  into 
a  circular  one.  Although  many  rotary  engines  have  proved  success- 
ful in  the  sense  that  they  have  done  effective  work,  none  of  those  in- 
Not  successful.     Vented  are  likely  to  supersede  the  ordinary  types  of  engines.     But 

there  are  occasions  when  a  speed  is  required  much  beyond  what  any 

engine  with  reciprocating  movement  can   give,  and   for  these  the 

Steam-turbines.     Parsons  steam-turbine  affords  a  useful  and  efficient  motor.     Running 

at  from  3000  to  5000  revolutions  per  minute,  they  have  been  used 
principally  for  electric  dynamos  for  the  lighting  of  steamships,  and  as 
portable  machines  for  search  lights,  but  also  for  pumps  or  ventilators 
in  mines,  screw-propellers  in  launches,  and  they  are  generally  available 
for  any  purpose  where  considerable  power  is  required  in  small  space. 
The  earlier  of  these  turbo-motors  consumed  much  steam  in  proportion 
to  their  power,  but  by  an  ingenious  system  of  compounding,  the 
expansive  force  of  the  steam  is  utilised  with  as  much  economy  as 
in  ordinary  reciprocating  engines.  A  steam-turbine  giving  8  brake 
Examples.         horse-power   only  occupies  a  space  3  ft.  9  in.  long,  15  in.  wide,  by 

3  ft.  high,  and  weighs  1200  lbs.,  while  one  of  20  horse-power  mea- 
sures 5  ft.  by  15  in.  by  4  ft,  and  weighs  2000  lbs.  When  applied  to 
electric  lighting  a  complete  machine  with  dynamo-generator  equal  to 
200  electric  horse-power  occupies  only  40  square  feet,  and  weighs 
only  5  tons. 


Catalogues  and 
price  listi. 


The  publication  of  catalogues  and  price  lists  has  done  much  to 
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remove  the  mystery  which  formerly  attended  the  manufacture  of 
steam-engines,  and  has  greatly  extended  the  facilities  for  export.  The 
.commerce  in  engines  of  uniform  pattern  also  allows  the  use  of  special 
tools  and  economical  methods.  Formerly,  engines  were  designed 
only  for  their  ultimate  purpose,  and  machinery  was  applied  to  the 
manufacture  only  so  far  as  the  shape  of  the  various  parts  permitted. 
Now,  to  a  considerable  extent,  the  tools  and  methods  are  the  start- 
ing point,  and  the  parts  of  the  steam-engine  are  designed  to  meet 
their  capacity.  The  use  of  the  lathe  has  especially  been  extended, 
and  operations  formerly  performed  by  hand-labour,  or  by  slowly- 
working  planing  machines,  are  now  more  quickly  accomplished 
by  rotary  motion.  The  uniformity  which  cheapens  price  does  not, 
however,  allow  of  such  exact  adaptation  to  the  purpose  in  view 
as  is  possible  where  each  engine  is  made  specially ;  for  the  shape 
and  dimensions  offered  by  the  manufacturer  must  be  accepted ;  and 
alterations,  if  demanded,  generally  involve  an  extra  cost,  out 
of  proportion  to  the  advantages  obtained.  There  are,  however, 
certain  modifications  which  manufacturers  allow,  with  little  or  no 
addition  to  the  price — such  as  making  the  engine  right  or  left- 
handed,  and  altering  the  position,  or  diameter,  or  weight  of  the 
fly-wheel. 

The  diversity  afforded  by  the  catalogues  of  numerous  manu- 
facturers oftens  enables  a  purchaser  to  obtain  an  engine  suited  to  his 
purj)ose  ;  but  the  number  of  manufacturers  who  are  on  equal  terms 
in  regard  to  quality  is  very  limited.  The  custom  of  buying  from 
catalogues  is  followed  mostly  for  steam-engines  of  less  than  30  horse- 
power ;  for  as  the  number  of  engines  of  similar  kind  that  can  be  sold 
becomes  rapidly  less  when  20  horse-power  is  exceeded,  manufacturers 
are  seldom  disposed  to  keep  large  engines  in  stock ;  and,  moreover, 
the  necessity  for  variations  of  established  patterns  and  dimensions, 
and  the  ex[)ense  of  obtaining  them,  become  greater  as  the  power 
increases.  Engines  beyond  30  horse-power  are  therefore  seldom 
kept  ready  made,  but  are  made  to  suit  exactly  the  purpose  of  the 
j)urchaser.  As,  however,  a  considerable  portion  of  the  original  cost 
of  an  engine  is  that  for  drawings,  templates  and  foundry-patterns, 
manufacturers  always  endeavour  to  utilise  those  they  have ;  and  it  is 
almost  always  advantageous  for  purchasers  to  adopt  such  patterns. 
Not  only  is  the  cost  so  reduced,  but  manufacturers  and  their  work- 
men do  -  best  what  they  are  accustomed  to  do.  For  this  latter 
reason  it  is  generally  inexpedient   to   present  to  the  manufacturer 
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the  designs  of  another  for  reproduction ;  a  course  sometimes  followed 
by  those  who  wish  for  competitive  prices. 

It  is  usual  in  the  commerce  in  steam-engines  for  the  manufacturer 
to  state  the  leading  dimension  to  the  purchaser,  or,  at  any  rate,  the 
diameter  of  the  cylinder  and  the  length  of  the  stroke,  because  these 
dimensions,  with  a  given  working  pressure  of  steam,  aiford  an  approxi- 
mate measure  of  power  and  value.  The  particulars  which  determine 
the  value  of  the  boiler  have  been  already  described.  The  manufac- 
turer should  be  called  upon  to  state  the  pressure  of  steam  and  rate 
of  speed  which  he  recommends  and  on  which  he  has  based  his 
calculations,  and  it  is  generally  desirable  to  adopt  these  in  the  actual 
working.  Particulars  of  this  sort  are  frequently  given  even  in  the 
printed  catalogues  of  engine  makers;  and  when  the  purchaser  is 
satisfied  with  the  reputation  of  the  manufacturer,  he  requires  no  more. 
Where  the  engine  is  one  offered  by  the  seller  for  a  i)articular  pur- 
pose, and  especially  where  the  expenditure  involved  is  considerable, 
it  is  usual  to  give  other  dimensions  also,  and  to  enumerate  the  various 
accessories.  While,  however,  these  points  do  much  to  allow  an 
appraisement  of  value  and  a  comparison  of  prices,  the  responsibility 
for  their  fitness  for  the  specified  purpose  should  be  left  with  the 
manufacturer.  Even  then,  unless  there  be  some  knowledge  of,  and 
confidence  in,  the  seller,  it  is  almost  impossible  to  decide  as  to  the 
comparative  merits  of  various  tenders.  In  some  cases,  if  the  weight 
to  be  supplied  could  be  ascertained,  it  would  immediately  disclose 
that  one  maker  intended  to  give  a  machine  more  solid  and  substantial 
than  another.  On  the  other  hand,  if  strength  is  to  be  obtained  by 
thickness  and  weight  of  parts  rather  than  by  excellence  of  material 
and  design,  such  a  comparison  will  mislead,  for  mere  weight  may  be 
given  on  account  of  doubt  or  errors  in  design,  may  involve  undue 
friction  in  working,  consume  excessive  power,  and  may  be  allied 
with  rough  workmanship.  An  examination  in  the  first  instance  by 
an  engineer,  of  the  drawing  and  specification,  and  an  inspection  after- 
wards of  the  workmanship  and  movement  under  steam,  may  in  many 
cases  be  the  only  sure  tests.  It  is  for  the  above  reasons  that  there 
is  generally  so  much  wider  divergence  in  numerous  tenders  for  steam- 
engines  and  machinery  designed  by  the  respective  competitors  than 
in  those  tenders  based  upon  some  common  design  or  bill  of 
quantities. 

When  a  stationary  engine  is  bought  for  use  in  the  country  of 
manufacture,  the  maker  is  generally  employed  to  fix  it  in  place,  and 
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to  verify,  by  running  it  under  steam,  the  accurate  fitting  of  the  moving 
and  bearing  parts.  For  export,  engines  not  exceeding  30  horse-power 
can  generally  be  so  tested  in  the  factory,  and  this  should  be  made  a 
condition  of  purchase.  But  at  some  factories  engines  up  to  100  brake 
horse-power  can  be  readily  tested  under  steam.  The  engines  should 
be  worked  continually  at  full  speed  for  several  hours,  and  then  the 
piston,  slide-valve,  and  other  wearing  parts  examined,  and,  if  neces- 
sary, eased  or  adjusted.  Preparatory  working  of  this  sort  sometimes 
affords  an  opportunity  for  measuring  the  strength  of  the  engine ;  but 
such  a  trial  demands  very  great  care  and  watchfulness  to  render  it 
trustworthy,  and  the  boiler,  on  which  the  efficiency  of  the  engine  so 
much  depends,  cannot,  unless  it  be  self-contained,  be  easily  tested. 
If  the  engine  has  been  properly  made,  the  dimensions  and  steam 
pressure  will  sufficiently  demonstrate  the  available  power. 

Engines  of  the  same  nominal  power  differ  so  widely  in  design  and 
workmanship,  that  a  mere  comparison  of  price  is  worthless  as  a 
measure  of  cheapness.  Among  the  circumstances  which  should 
determine  a  choice,  the  following  almost  always  apply  : — 

The  stroke  of  the  engine  should  be  long  enough  to  afford  the 
desired  power  at  a  proper  piston-speed,  without  an  excessive  number 
of  revolutions.  As  a  general  rule,  it  may  be  said  that  high  speed 
gives  the  greatest  power  for  a  given  size  of  engine,  and  that  a 
moderate  speed  gives  the  best  results  for  a  given  expenditure  of  fuel. 

The  slide-valve  gear  should  not  only  allow  for  the  use  of  steam 
expansively,  but  should  be  capable  of  adjustment ;  and  the  appa- 
ratus for  doing  this  should  be  simple  for  the  engine-driver,  and  not 
liable  to  become  deranged.  The  governor  or  other  arrangement  for 
regulating  the  speed  should  be  automatic,  and  not  depend  on  leather 
belts. 

The  framework  and  fixed  parts  of  the  engine  should  be  strong ; 
the  joining  surfaces  well  machined,  and  the  bolts  tightly  fitted,  so  as 
to  prevent  the  parts  of  the  engine  shaking  loose  or  out  of  true  line. 

The  bearings  and  other  moving  parts  should  be  of  ample  area,  and 
so  well  fitted  as  to  cause  the  minimum  of  friction  in  working. 

Provision  should  be  made  in  wearing  parts  like  the  guide-bars,  for 
adjustment  and  taking  up  the  wear. 

Certain  parts  of  the  engine,  such  as  the  piston-rod,  connecting-rod, 
and  crank,  should  be  made  of  high-quality  wTought  iron  or  steel ;  and 
there  should  be  a  proper  amount  of  gun-metal  (brass)  in  the  bearings 
and  other  parts. 
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Case-hardening  The  moving  joints,  such  as  in  the  link-motion,  valve-gear  and 

o  join  8.  governor,  should  have  steeled  surfaces,  or  be  case-hardened,  so  as 
not  to  wear  loose.  Although  assurances  as  to  case-hardening  are 
almost  always  given  by  engine-makers,  it  is  a  troublesome  operation 
often  imperfectly  performed ;  but  when  properly  done  it  adds  greatly 
to  the  durability  of  the  engine,  for  it  renders  the  surfaces  as  hard  as 
the  hardest  steel,  without  the  accompanying  brittleness. 

It  almost  always  happens  in  the  setting  to  work  of  a  steam-engine 

Extra  parts  and    that  extra  parts  or  fittings  are  needed  beyond  those  actually  pertaining 

ttings.  ^^  ^^  engine,  and  the  mere  printed  price  of  a  manufacturer  or  dealer 

seldom  includes  more  than  the  engine  itself,  for  as  the  accessories  or 

Vary  according  to  extra  parts  vary  with  each  engine,  the  price  must  be  determined  by 

•purpose.  ^^  necessities  of  each  case.     An  engineer  or  manufacturer  who  is 

consulted  by  a  purchaser,  and  made  fully  acquainted  with  his  wants, 

ought  to  specify  and  enumerate  all  that  is  required ;  but  very  often 

Insufficient        priccs  or  tenders  are  based  on  insufficient  particulars :  this  most  fre- 

n  ormation.       quently  happening  with  inquiries  from  abroad.    As  the  price  of  the 

engine  alone  may  form  but  a  small  proportion  of  the  whole  expenditure, 

and  a  tender  apparently  the  cheapest  prove  afterwards  to  be  the  dearest, 

it  is  very  desirable  at  the  commencement  to  ascertain  and  describe 

Seepage  459.       everything  that  is  wanted,  so  that  one  contract  may  serve  for  all. 

Unless  otherwise  specified,  a  steam-engine,  if  without  boiler,  does 

not  include  any  piping,  and  even  when  a  boiler  also  is  purchased, 

close  contiguity  of  boiler  and  engine  is  assumed,  and  only  the  pipes 

Steam  pipes  extra,  nccessaiy   under  such   circumstances   included.      The   extra   parts, 

which  vary  in  almost  every  case — but  of  which  some  or  all  are 
generally  required — are  the  steam-pipes  between  engine  and  boiler, 
exhaust-steam  pipes,  suction  and  delivery  pipes  for  feed-water,  and 
the  holding-down  bolts ;  and  all  of  these  diifer  according  to  the 
arrangement  and  dimensions  of  the  buildings  and  foundations. 
Reversing  gear.    Link-motion   reversing-gear,  as  necessary   for  a   winding-engine,  is 

not  supplied  except  where  it,  or  the  purpose  which  would  render  it 
Secondary  shafts,    essential,  is  specified ;  nor  are  secondary  shafts,  wheels  or  pulleys, 

for  transmitting  the  power  of  the  engine.     Among  other  additional 

parts  which  may  be   required,  and  which   involve  extra  cost,  are 

Special  extras,     peculiar  or  sensitive  governors,  safety-valves,  or  automatic  regulating 

apparatus  of  a  novel  or  exceptional  kind.  The  extra  parts  are  some- 
times entirely  outside  the  special  functions  of  an  engine-maker ; 
girders,  columns,  or  other  structural  ironwork  in  connection  with 
the  building,  being  frequently  re(iuired. 
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The  supplying  of  duplicate  parts  is  a  question  quite  distinct  from  the 
foregoing,  and  one  that  depends  principally  on  the  destination  of  the 
engine,  and  the  facilities  for  obtaining  what  is  wanted  as  the  need 
arises.  Few  or  no  duplicate  parts  need  be  purchased  with  engines 
for  use  in  the  country  of  manufacture,  but  for  distant  countries  it 
is  usual  to  purchase  with  the  engine  spare  bearing-brasses,  fire-bars, 
and  even  a  spare  piston ;  while  in  cases  where  the  temporary  failure 
of  the  engine  would  involve  great  loss  or  inconvenience,  a  duplicate 
engine  is  kept  ready  for  working ;  and  it  is  a  common  precaution — 
even  in  the  country  of  manufacture — to  have  one  or  more  spare  boilers 
available  for  use  while  those  that  have  been  working  are  being  cleaned 
or  repaired. 

The  carriage  of  an  engine  to  its  destination  often  involves  trouble 
and  expense,  and  especially  so  if  the  engine  be  one  of  considerable 
power,  or  if  the  means  of  transport  be  limited.  But  while  it  may  save 
much  cost  in  carriage  to  have  small  or  light  pieces,  such  economy 
may  be  too  dearly  purchased.  For  instance,  it  is  a  great  advantage  to 
have  an  engine  bed-plate  in  one  piece,  so  as  to  ensure  solidity  and 
firmness  in  all  the  parts  connected  to  it ;  and  a  double  rate  of  carriage 
may  be  amply  justified  to  prevent  the  division  of  such  a  piece.  Some- 
times, however,  an  engine  is  sent  almost  entire,  with  cylinder  fixed 
and  slide-valve  adjusted.  The  skilled  labour  in  re-erection,  which 
division  for  transport  of  such  parts  renders  necessary,  is  sometimes 
very  expensive.  Thus  a  boiler,  if  divided  into  pieces,  not  only 
cannot  be  tested  satisfactorily  at  the  manufactory,  but  requires  skill, 
not  always  available  at  the  site  of  erection,  for  riveting  and  caulking 
the  joints.     Water-tube  boilers  are  convenient  in  such  cases. 

In  a  well-designed  engine  the  parts  are  kept  as  light  as  is  con- 
sistent with  strength,  not  only  to  save  expense  in  manufacture,  but 
to  reduce  to  a  minimum  the  weight  of  the  machine  and  the  power 
necessary  to  work  it.  But  in  engines  made  for  export  to  foreign 
countries,  where  repairs  are  not  easily  executed,  and  where  the  in- 
convenience or  loss  from  a  "breakdown"  is  serious,  the  ordinary 
margin  of  safety  may  sometimes  be  increased  with  advantage. 
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The  kind  of  steam-engine  which  is  best  suited  for  export  to  a  choice  of  en^inr, 

foreign  country  can  only  be  properly  determined  on  the  basis  of  the  °^         "** 
following  particulars,  of  which  some  or  all,  as  they  may  be  found  to 

apply,  should  be  furnished  by  the  purchaser.    These  particulars  should  Purpose 

be  considered  in  connection  with  the  points  enumerated  on  pp.  567-S.  ""    power. 
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1.  A  description  of  the  Machinery  to  be  driven  and  its  speed 
so  far  as  will  allow  a  proper  provision  to  be  made  for  connecting  it 
to  the  engine,  or  transmitting  the  power.  If  the  machinery  is  already 
provided,  sketches  and  dimensions  of  the  shafts,  wheels  or  pulleys 
to  which  connection  is  to  be  made  must  be  given,  and  their  speeds. 
If  there  is  any  reason  why  the  engine  should  be  right  or  left  handed, 
(the  crank-shaft  on  the  right  or  left  side,  looking  from  the  cylinder), 
it  should  be  stated. 

2.  A  description  of  the  Building  in  which  the  engine  is  to  be  fixed, 
or  if  a  house,  chimney,  or  foundations  have  to  be  designed,  particu- 
lars of  the  building  and  roofing  materials  available.  This  design 
depends  also  on  the  nature  of  the  soil  on  which  the  engine  and  boiler 
house  are  to  be  built ;  whether  the  soil  is  dry,  or  can  be  drained ; 
whether  it  is  liable  to  floods;  and  on  any  other  circumstances  by 
which  the  level  and  nature  of  the  foundations  can  be  decided. 

3.  The  kind  of  Fuel  which  is  to  be  used,  and  its  kind  and  quality 
as  compared  with  some  standard  British  coal.  If  coal  is  not 
obtainable,  a  description  should  be  given  of  the  wood,  saw-dust, 
peat,  oil,  straw,  or  refuse  available,  and  their  comparative  cost  and 
abundance. 

4.  The  Water  available  for  the  boiler,  or  for  a  condenser ;  its 
quality  and  abundance;  the  level  or  situation  ofithe  reservoirs  in 
regard  to  the  engine ;  whether  in  a  well,  pond,  river,  tank,  or  in  pii)es. 
If  from  some  public  source,  the  head  or  pressure ;  if  to  be  purchased, 
the  cost  of  the  water,  and  how  it  is  measured. 

5.  The  facilities  for  Landing  machinery  at  the  port  of  arrival, 
especially  for  heavy  or  bulky  pieces ;  the  import  duties  payable,  and 
how  assessed ;  the  nature  of  the  roads  and  means  of  Transport  from 
the  port  of  arrival  to  the  site. 

6.  The  kind  of  Workmen  available  for  erecting  the  machinery, 
for  acting  as  engine-drivers  and  stokers,  or  as  mechanics  for  making 
repairs. 

7.  The  kind  of  engineering  factories,  foundries  or  workshops — if 
any — available  for  repairing  or  replacing  damaged  or  worn-out  jjarts, 
and  the  time  which  would  be  needed  to  import  fresh  parts.  The 
importance  or  otherwise  of  keeping  the  machinery  always  at  work, 
and  the  periods  of  rest  available  for  repairs.  This  information  is 
necessary,  not  only  to  the  proper  choics  of  engine  and  boiler,  but  for 
deciding  on  the  duplicate  parts  which  shall  be  provided.  In  the  case 
of  large  engines  with  heavy  i)ieces,  particulars  should  be  furnished  of 
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the  tools  and  plant  available  in  the  country,  such  as  cranes  and 
winches,  and  engineers'  tools  for  fixing  the  engine  in  place. 

There  are  cases  where  a  steam-engine  cannot  apparently  be  applied, 
but  where  it  may  be  possible  and  expedient  to  bring  steam  from  a 
considerable  distance ;  and  compressed  air  may  even  be  used  to  work 
an  engine  originally  constructed  for  steam. 


See  Chap.  XIX, 
Transmission  op 

POWRR. 


Portable  engines  (locomobiles)^  introduced  first  for  agriculturists, 
are  employed  for  a  variety  of  purposes  in  all  parts  of  the  world.  They 
are  shaped  like  a  locomotive,  and  have  also  a  multitubular  boiler, 
but  the  engine  is  fixed  upon,  and  not  beneath,  the  boiler.  Port- 
able engines  are  usually  made  with  one  cylinder  up  to  lo  nominal 
horse-power,  and  above  12  horse-power  always  with  two  cylinders. 
The  double-cylinder  arrangement  has  the  advantage  of  distributing 
evei)ly  the  strains  from  the  engine  on  the  boiler,  and  of  giving  a 
more  equable  motion.  Although  portable  engines  are  made  up  to 
30  nominal  horse-power,  their  use  becomes  of  doubtful  expediency 
beyond  20  horse-power,  and  the  great  majority  of  those  made  are 
between  6  and  1 2  horse-power.  The  brake  horse-power  is  generally 
three  times  the  nominal  horse-power.  Fitted  with  wheels  and  axles 
like  an  ordinary  wagon,  the  portable  engines  can  be  drawn  from 
place  to  place  by  horses  ;  and  being  complete  and  self-contained  can 
be  set  to  work  at  any  time.  The  inconvenience  of  providing  horses 
for  drawing  them  has  led  in  many  cases  to  the  substitution  of  self- 
propelling  gear  on  the  engine  itself.  This  arrangement  is,  however, 
subsidiary,  and  not  of  primary  importance  as  in  a  traction  engine. 
No  special  skill  is  required  to  manage  portable  engines,  and  experience 
has  proved  them  to  be  very  free  from  liability  to  accident.  In  agri- 
culture, portable  engines  are  used  for  corn-thrashing  machines,  for 
cutting  and  bruising  cattle-food,  for  the  haulage  of  steam-ploughs,  for 
the  raising  of  water  for  irrigation,  and  for  the  ginning  of  cotton.  By 
contractors  they  are  used  for  lifting,  pumping,  sawing,  pile-driving,  and 
mortar-mixing ;  by  miners,  for  winding,  pumping,  and  ore-crushing ; 
and  for  all  sorts  of  purposes  and  places  where  engines  are  wanted  for 
only  temporary  or  experimental  service.  There  are  districts  in  some 
countries  where  the  need  for  such  engines  is  greater  than  in  Great 
Britain,  and  the  engines  in  use  are  proportionately  more  numerous. 
Even  to  refer  to  Europe  alone,  portable  engines  of  English  manufacture 
may  be  counted  by  hundreds,  driving  thrashing-machines  in  the  large 
corn-growing  districts  of  Russia,  Turkey,  Hungary,  and  Italy  :  while 
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in  Egypt,  for  the  low  lands  irrigated  by  the  Nile,  amidst  the  various 
machinery  for  raising  water,  portable  engines  attached  to  centrifugal- 
pumps  are  the  most  frequent  of  all.  The  improvements  which 
successive  years  have  produced,  and  which  are  now  combined  in  a 
modem  high-class  portable  engine,  may  be  enumerated  as  follows  — 
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Up  to  the  year  1865,  a  steam  pressure  of  from  40  to  45  lbs.  per 
square  inch  was  usual,  and  in  the  competitive  trials  established  by 
the  Royal  Agricultural  Society  of  England,  the  maximum  was  restricted 
to  45  lbs.  per  inch;  but  the  advantages  of  using  steam  expansively 
having  become  manifest  to  engineers,  higher  pressures  were  allowed, 
and  it  may  now  be  taken  as  an  axiom  agreed  to  by  engineers,  although 
not  yet  understood  by  all  users,  that  a  pressure  of  from  60  to  80  lbs. 
is  best  suited  to  the  economical  development  of  the  portable  engine. 
This  method  of  using  high-pressure  steam,  which  may  be  considered 
the  most  important  of  all  the  improvements,  demanded  suitable  boilers. 
By  innumerable  experiments,  carefully  recorded,  the  proper  propor- 
tions of  such  parts  as  fire-box,  grate-surface,  tube-surface,  have  been 
arrived  at ;  and  in  order  to  produce  a  sufficient  supply  of  high- 
pressure  steam  from  a  boiler  of  moderate  size,  the  combustion  is 
stimulated  by  the  discharge  of  the  exhaust  steam  into  the  chimney  in 
the  manner  usual  in  locomotives,  and  a  separate  steam-jet  is  generally 
provided  for  stimulating  the  draught  before  starting.  Waste  of  heat 
is  prevented  as  far  as  possible  by  covering  the  boiler  with  felt,  on 
which  are  placed  a  lagging  of  wood  and  an  outer  covering  of  sheet 
iron ;  and  the  feed-water  is  heated  nearly  to  a  boiling  point  by  the 
exhaust  steam,  heat  being  thus  returned  to  the  boiler  which  would 
otherwise  be  wasted.  By  well-arranged  bearing-surfaces,  balanced 
parts,  and  careful  workmanship,  the  friction  of  the  engine  has  been 
reduced  to  a  minimum,  and  its  durability  increased. 

In  the  early  trials  before  the  year  1850  the  consumption  of  coal, 
even  in  the  best  portable  engines  then  made,  was  from  10  to  15  lbs.  per 
effective  or  brake  horse-power  per  hour ;  but  by  means  of  the  improve- 
ments enumerated  above,  the  consumption  has  been  reduced  to  from 

3  to  6  lbs.,  and  the  effective  force  brought  up  to  three  or  four  times 
the  nominal  horse-power,  according  to  the  pressure  of  steam  and  speed 
of  the  engine.  As  a  consumption  so  low  as  3  lbs.  has  been  only 
arrived  at  in  competitive  trials  by  skilled  engineers  and  with  carefully 
selected  coal,  it  may  be  fairly  reckoned  that  a  consumption  of  from 

4  to  6  lbs.  will  be  necessary  under  ordinary  circumstances.     If  the 
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coal  be  of  inferior  quality,  or  if  the  combustion  be  forced  too  much, 
the  consumption  will  be  greater.     The  actual  power  given  out  by  the 
engine,  as  measured  by  a  dynamometer  or  a  friction-brake,  and  not 
the  gross  or  indicated  horse-power,  is  that  which  has  been  adopted  for 
comparison ;  and  this  must  be  taken  into  account  when  comparing 
the  service  of  a  portable  engine  so  measured  with  other  engines 
whose    "indicated"    horse-power    is    alone    ascertained.      Among 
English  manufacturers  it  is  usual  to  give  lo  circular  inches  of  piston 
area  for  each  nominal  horse-power,  so  that  an  engine  of  8  nominal 
horse-power  would  have  a  9  in.  cylinder,  and  so  on.     But  there  is  so 
much  room   for  misunderstanding  and  discrepancy   in   stating  the 
nominal  power  of  an  engine,  that  some  makers  abstain  where  possible 
from  rating  their  engines  so,  and  prefer  to  state  the  actual  nett  or 
effective  power  given  from  the  fly-wheel  when  the  steam   is  at  a 
certain  pressure.     In  the  United  States  it  is  usual  to  rate  engines  for 
sale  by  the  gross  indicated  power,  which  is  misleading  unless  accom- 
panied by  other  particulars.     Where  the  power  as  measured  by  the 
cylinder  capacity  appears    high,   the   sufficiency   of  the  boiler  to 
maintain  such  a  power  without   undue   forcing  of  the  fire  must  be 
considered.     Where  wood  iuel   is  used,  a  weight  of  about   three 
times  that  of  coal   may  be  reckoned  as  an  average  consumption. 
For  burning  wood,  the  furnace-door  and  fire-box  are  made   larger 
than  for  coal,  and  a  spark-catcher  is  attached,  the  alterations  adding 
about  ;^i  per  nominal  horse-power  to  the  ordinary  price.     In  some 
corn-growing  countries,  where  coal  or  wood  is  scarce,  the  straw  from 
the  thrashing  machine  is  utilised  as  fuel  by  means  of  an  ingenious 
self-feeding  apparatus,  so  attached   to   the   front  of  the  boiler  that 
the  straw  is  taken  into  the  furnace  at  a  regular  and  proper  rate.     In 
this  way  about  one-tenth  of  the  straw  from  the  thrashing-machine 
is  sufficient  as  fuel.     Engines  made  in  this  way  cost  from  JQ2  to  ^4 
per  horse-power  extra,  according  to   the  exact  method  and  patent 
royalty.     Petroleum  engines  may  be  utilised  as  portable  motors  where 
fuel  or  water  for  a  steam  boiler  is  unprocurable. 

The  exact  repetition  of  similar  parts  which  the  manufacture  of 
similar  engines  allows,  is  an  advantage  utilised  to  the  utmost  by  the 
principal  manufacturers  of  portable  engines.  Special  machine-tools 
and  automatic  processes  have  been  invented  for  doing  what  in  other 
cases  has  been  done  by  hand-labour,  or  ordinary  machines ;  and  by 
these  improved  means  three  distinct  results  have  been  obtained — 
excellence  of  workmanship  ;  interchangeability  of  parts  (so  that  when 
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any  part  is  worn  out,  another  kept  ready,  or  sent  from  the  factory 
to  replace  it,  will  fit  exactly)  ;  reduced  cost. 

The  prices  of  portable  engines  fluctuate  like  those  of  all  other 
machines,  according  to  the  cost  of  material,  briskness  of  trade  and 
other  circumstances.  Taking  an  8  nominal  horse-power  engine  as 
representing  the  kind  most  in  demand,  the  price  during  the  thirty 
years  ending  1898  ranged  from  jC2oo  to  ;£'28o,  and  the  prices  of 
other  sizes  in  like  proportion.  The  following  are  about  the  average 
prices  that  have  prevailed: — 4  horse-power,  ^170;  6  horse-power, 
;^2oo;  8  horse-power,  jC^3^  l  ^^  horse-power,  ^270;  12  horse- 
power, ;£'32o.  But  these  prices,  though  inclusive  of  everything 
necessary  to  the  working  of  the  engine,  are  exclusive  of  all  extras, 
alterations,  or  duplicates.  Thus  a  feed-water  heater,  feed-water  in- 
jector, expansion  valve,  link-motion  reversing-gear,  spare  bearing- 
brasses  and  fire-bars,  all  add  to  the  cost ;  and  from  ;£^i  to  ^£4  per 
nominal  horse-power  must  be  added  if  these  are  required.  For  travel- 
ling on  the  road,  or  by  railway,  the  chimney  is  lowered,  and  the  engine 
is  covered  with  the  tarpaulin  which  forms  part  of  its  ordinary  equip- 
ment, no  other  packing  being  required.  The  same  plan  applies  for 
short  voyages,  when  the  engine  can  be  taken  on  the  deck  of  a  steamer, 
except  that  the  detachable  fittings  are  packed  in  a  small  case.  For 
long  voyages,  the  wheels  and  chimney  are  detached,  and  the  engine 
must  be  packed  in  a  case,  at  a  cost  of  about  3  per  cent,  on  the  price 
of  the  engine.  On  landing,  and  if  needed  for  inland  transport,  the 
wheels  can  be  attached  without  unpacking  the  engine.  The  weight 
of  portable  engines  packed,  ranges  from  about  3  tons  for  an  engine 
of  4  horse-power,  to  10  tons  for  one  of  20  horse-power;  but  the 
measurement  tonnage,  at  the  usual  rate  of  40  cubic  feet  to  the  ton, 
is  about  double  these  weights. 

The  manufacture  of  portable  engines  forms  a  special  trade,  and 
English-made  engines  stand  first  both  in  regard  to  design  and  quality. 
It  is  expedient  to  purchase  only  from  manufacturers  of  known  repu- 
tation ;  even  in  first  cost  inferior  engines  are  but  little  cheaper.  Such 
engines  soon  deteriorate ;  and  in  case  of  re-sale  the  absence  of  the 
name  of  a  good  maker  lowers  their  value  even  more  than  at  first. 
The  importance  of  well-proportioned  parts,  good  material,  and  work- 
manship, so  necessary  in  all  steam-engines,  is  enhanced  in  the  case 
of  portable  engines,  which  often  have  to  bear  very  rough  usage,  and 
if  defective,  soon  wear  out.  The  quality  of  the  iron  and  brass,  the 
use  of  steel  where  beneficial,  the   accuracy  of  the   fitting,  and  the 
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proper  case-hardening  of  the  joints,  are  all  points  which  determine 
value.  The  choice  of  a  portable  engine  depends  on  the  following 
circumstances : — 

1.  The  Power  required.  It  is  always  economical  to  have  ample 
power,  as  an  engine  and  boiler  are  soon  worn  out  if  they  are  forced 
above  their  proper  capacity.  The  pressure  and  piston-speed  specified 
by  the  maker  as  best  should  be  adhered  to  as  far  as  possible.  The 
power  can  be  approximately  calculated  if  the  work  to  be  done  is 
described ;  thus,  if  for  a  thrashing-machine,  its  kind,  size  and  the  name 
of  the  maker  should  be  given;  if  for  a  circular-saw,  its  diameter, 
speed,  and  the  kind  of  timber;  if  for  pumping,  the  kind  of  pump, 
the  quantity  of  water  per  hour,  and  the  height  to  which  it  is  to  be 
raised. 

2.  The  Purpose  for  which  the  engine  is  intended.  Although  the 
same  portable  engine  may  be  applied  to  a  variety  of  uses,  certain 
minor  arrangements  can  be  made  with  advantage  to  meet  special 
cases.  Thus  the  diameter  of  the  driving-wheel  may  be  made  to  suit 
the  pulley  of  a  machine  to  which  the  power  is  to  be  applied.  If  for 
winding  for  a  mine,  reversing  apparatus  becomes  necessary.  The 
relative  position  of  the  engine  and  machine  to  be  driven  must  be 
considered  so  far  as  it  will  determine  whether  the  engine  is  to  be 
right  or  left  handed.  Unless  otherwise  specified  the  fly-wheel,  which 
serves  also  as  the  driving  pulley,  is  generally  on  the  left  side  of  the 
boiler  looking  from  the  firing  end.  The  engines  can  be  constructed 
either  way,  and  some  makers  arrange  the  crank-shaft  so  that  the  fly- 
wheel can  be  fixed  on  either  side  at  will. 

3.  The  Climate  and  locality.  The  choice  of  iron  or  wood  for  the 
wheels,  and  certain  other  minor  points,  can  be  modified  to  suit  ex- 
tremes of  climate.  If  the  engine  is  required  in  a  country  where 
repairs  are  difficult,  certain  spare  or  duplicate  parts  should  be 
provided. 

4.  The  kind  of  Fuel  and  Water  to  be  used.  Unless  otherwise 
specified,  the  furnaces  are  made  of  the  form  and  dimensions  suitable 
for  coal  of  average  English  quality.  But  almost  every  kind  of  fuel 
can  be  used — wood,  turf,  peat,  dung,  straw  or  refuse  cane,  and 
if  the  kind  of  fuel  be  known,  the  furnace  and  boiler  can  be  made 
accordingly.  The  kind  and  abundance  of  the  water  are  important 
points. 

5.  T/ie  mode  of  Draught.  Shafts  or  poles  for  a  pair  of  horses  or 
oxen  are  supplied  with   the  engine,  and    if  above   7    horse  power, 
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The  advantages  afforded  by  portable  engines  lead  sometinxes  to 
their  misapplication.  The  two  distinguishing  features  in  a  portable 
engine,  and  to  which  it  owes  its  value,  are  its  self-contained  com- 
pleteness ;  and  as  a  result  of  this,  the  facility  with  which  it  can  be 
moved  from  place  to  place.  But  though  this  second  quality,  the 
portability,  is  that  for  which  these  engines  were  designed,  and  is  that 
which  really  justifies  their  use,  they  are  in  foreign  countries  often 
chosen  where  no  portability  is  needed,  and  because  only  of  their 
completeness  and  readiness.  In  many  of  such  latter  cases  it  is  a 
mistake  to  use  portable  engines  made  in  the  ordinary  form.  It  is 
doubtless  a  temptation  to  any  one  who  requires  steam  power,  and 
especially  where  the  purchaser  or  user  is  not  an  engineer,  to  procure 
an  engine  ready  for  use,  which  requires  no  foundation,  house,  or 
buildings,  and  not  even  an  engineer  to  set  it  to  work.  Where  the 
engine  is  intended  for  a  merely  temporary  purpose  these  advantages 
are  real ;  but  for  the  purpose  of  a  permanent  stationary  engine  they 
are  delusive,  and  in  the  end  involve  considerable  unnecessary 
expense. 

A  portable  engine  resembles  a  locomotive  in  its  multitubular  boiler, 
and,  as  already  explained,  these  boilers  wear  out  more  rapidly 
than  those  of  simpler  kind.  The  fact  that  steam  can  be  generated 
quickly,  and  that  a  comparatively  small  boiler  can  produce  a  great 
deal  of  steam,  is  not  generally  of  primary  importance  in  a  fixed  engine, 
except  where  mere  space  is  very  valuable  or  buildings  expensive.  A 
fixed  horizontal  engine  has,  under  ordinary  circumstances,  a  much 
longer  life  than  a  multitubular  boiler  ;  but  where  it  is  affixed  to  the 
boiler,  as  in  a  portable  engine,  its  life  ends  with  it.  Moreover,  an 
engine  fixed  to  a  boiler — however  careful  the  workmanship — is  not 
on  a  sufficiently  solid  foundation  \  its  parts  sooner  become  loose  and 
irregular  than  in  a  properly  fixed  engine,  and  moreover  they  shake 
the  boiler  and  hasten  its  destruction.  These  facts  are  so  obvious 
that  no  engineer  would  propose  to  so  construct  an  engine  and  boiler, 
except  to  satisfy  the  exigency  of  portability,  or  to  render  it  self- 
contained.  The  difficulties  of  erecting  an  engine  in  its  place,  of 
setting  a  detached  boiler  and  of  connecting  the  pipes,  are  often  over- 
estimated, for  if  proper  instructions  be  supplied  by  the  manufacturer 
of  the  engine,  the  purchaser,  with  the  assistance  of  an  intelligent 
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blacksmith  and  mason,  can  effectually  set  such  an  engine  going.  To 
meet  these  objections  various  forms  and  degrees  of  compromise 
between  fixed  and  portable  engines  have  been  devised.  The  first  is 
that  of  substituting  rigid  iron  supports  for  the  wheels  of  an  ordinary 
portable  engine.  These  supports  allow  the  engine  to  work  more 
steadily  than  if  on  wheels,  and  at  the  same  time  the  whole  machine 
remains  self-contained  and  complete.  It  can  be  carried  whole  by 
ship,  and  to  its  destination,  and  can  be  removed  if  the  necessity 
arises.  A  level  and  firm  base  should  be  provided  for  this  class  of 
engine.  In  French  locomobiles  it  is  customary  to  fix  the  working 
parts  of  the  engine  on  one  bed-plate  bolted  upon  the  boiler,  so  as  to 
save  the  latter  from  strain  during  working.  But  the  desired  end  is 
not  entirely  gained,  and  the  engines,  being  less  simple  and  accessible 
than  those  made  according  to  the  English  method,  have  not  been 
adopted  elsewhere.  In  England  another  plan  is  that  of  placing  the 
engine  below  the  boiler,  and  on  the  same  iron  bed-plate  with  it,  on  a 
base  of  masonry  or  timber.  By  this  means  the  advantage  is  obtained 
of  having  the  engine  on  a  solid  base  independent  of  the  boiler,  so 
that  the  latter  can  be  removed  or  replaced ;  the  machine,  at  the  same 
time,  remaining  complete  and  self-contained.  There  is  the  same 
disadvantage  in  this  plan  as  in  a  locomotive,  that  the  parts  are  not 
easily  accessible,  and  that  leakage  from  the  boiler  and  dust  from  the 
furnace  damage  the  engine ;  although,  if  the  boiler  be  well  made, 
there  need  not,  with  projxir  attention,  be  any  leakage.  Engines  of 
this  class,  or  of  the  one  described  above,  are  useful  in  confined  spaces, 
such  as  mines  or  small  factories. 

The  next  step  is  to  separate  entirely  the  engine  from  the  boiler, 
while  retaining  the  latter  in  its  ordinary  locomotive  shape.  This 
is  in  effect  a  horizontal  engine  with  separate  multitubular  boiler,  as 
already  described,  and  need  no  longer  be  discussed  under  the  head 
of  portable  engines. 
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Traction  engines^  as  a  combination  of  the  locomotive  and  portable  Traction-engines, 
type,  need  a  separate  description.  In  form  of  boiler,  and  in  having 
the  engine  fixed  to  the  boiler,  they  resemble  portable  engines,  but 
are  much  more  expensive.  Traction  engines  are  of  different  kinds, 
the  main  distinction  being  between  those  where  the  haulage  of  heavy 
loads  is  the  primary  object,  and  known  in  England  as  Road  loco- 
motives, and  those  in  which  power  to  be  given  to  another  machine  is 
the  chief  consideration,  and   the  moving  from  place  to  j)lace  with 
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the  machine  behind  it  is  subsidiary.  The  latter  kind  are  generally 
known  as  Agricultural  locomotives.  The  first  kind  is  also  useful  to 
the  agriculturist  in  connection  with  certain  forms  of  steam-ploughing, 
to  contractors  or  others  for  hauling  wagons,  or  to  an  army  in  the  field 
for  drawing  heavy  guns ;  the  second  is  used  for  drawing  corn-thrashing 
and  other  machines  (to  which  when  they  are  at  work  it  gives  power) 
from  one  farm  to  another. 

Great  improvements  have  been  made  in  traction  engines,  and 
there  is  no  doubt  that  where,  as  in  Great  Britain,  the  legislative 
restrictions  to  the  use  of  steam-engines  on  the  high  roads  are  re- 
moved, they  will  be  utilised  much  more  than  hitherto.  The  wheels 
are  arranged  with  broad  tires,  which  consolidate  rather  than  cut  up  a 
road,  and  the  earlier  plan  of  equipping  the  wheels  with  rails,  which 
were  laid  automatically,  has  been  abandoned,  as  it  was  complicated 
and  troublesome ;  and  although  difficulties  often  arise  in  passing  over 
soft  ground,  they  can  be  overcome,  as,  in  case  of  need,  planks  laid 
temporarily  as  a  road  will  suffice.  In  some  countries  intersected  by 
creeks  and  rivers,  the  use  of  heavy  traction  engines  may  almost  be 
prohibited  by  the  weakness  of  the  bridges  or  by  the  yielding  nature 
of  the  river  bed  where  a  ford  is  the  only  means  of  crossing.  As  a 
type  of  the  heaviest  engine,  one  weighing  22  tons,  distributed  over  a 
wheel  base  14  ft.  3  in.  long  and  9  ft.  6  in.  wide,  may  be*  taken  as  an 
example,  but  much  smaller  engines  are  generally  used.  It  may  be 
taken  as  an  approximate  guide,  that  a  traction  engine  weighs  about 
one  ton  per  nominal  horse-power,  and  that  where  the  gradients  do  not 
exceed  5  per  cent,  it  will  draw  on  a  good  road  twice  its  own  weight, 
or  three  times  its  weight  on  a  level ;  but  much  depends  on  the  con- 
dition of  the  road.  Traction  engines  for  use  as  road  locomotives  are 
made  generally  from  4  to  1 2  horse-power ;  and  for  hauling  steam- 
ploughs  from  10  to  20  horse-power;  the  prices  ranging  from  about 
;^*4oo  for  an  engine  of  4  horse-power,  to  jQ^oo  for  12  horse-power, 
and  about  ^1000  for  20  horse-power.  The  smaller  engines  are 
sometimes  fitted  as  cranes,  a  projecting  jib  being  attached  to  the 
front  of  the  boiler.  By  this  means  the  engine  can  lift  heavy  loads 
into  the  wagons,  as  well  as  haul  the  load.  This  crane  arrangement 
adds  about  10  per  cent,  to  the  cost  of  the  engine.  Compressed  gas 
for  giving  light  for  night  travelling  can  be  stored  and  carried  on  the 
engine ;  but  as  in  some  cases  a  small  dynamo  is  attached  to  the 
engine  for  providing  electric  lighting  when  the  engine  is  doing 
stationary  work,  a  powerful  head-light  can  be  obtained  if  necessary. 
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Four-wheel  wagons  to  carry  four  tons,  fitted  with  brakes  of  a  kind  Wagons, 
suitable  for  haulage  by  a  traction  engine,  cost  about  ^70,  and  for  six 
tons  about  £^0,  If  only  the  wheels  and  other  ironwork  are  re- 
quired, the  cost  is  about  one-third  less.  The  following  particulars 
are  necessary  to  a  proper  choice  of  a  traction  engine  and  wagons :  Choice  of  engine, 
(i)  The  Purpose  for  which  it  is  required  and  the  Weight  of  load  to  be 
hauled ;  (2)  the  quality  and  Gradients  of  the  road  and  the  strength 
of  the  Bridges ;  (3)  the  kind  of  Pue/  to  be  used ;  (4)  if  for  export, 
the  facilities  for  shipment  and  landing. 

The  steam  jRoad  roller  is  another  ingenious  adaptation  of  the  road  Road  rollers, 
locomotive,  and  is  successfully  used  in  London  and  other  large  cities 
for  consolidating  newly-laid  macadam.  These  engines  are  jnade  to 
roll  a  width  of  from  6  to  7  J  ft.,  with  rollers  generally  about  5  ft. 
diameter:  the  total  weight  is  from  6  to  15  tons,  and  the  cost  from  Weight  and  price. 
;3^5oo  to  ;£"8oo  each.  The  strength  of  bridges  has  to  be  considered, 
as  in  the  case  of  traction  engines,  but  the  greater  width  of  wheel 
modifies  the  effect  on  the  road  surface. 

It   may  be  stated  as  a  general  rule  in  the  purchase  of  steam- 
engines,  that  those  of  less  than  30  horse-power  may  be  selected  with     Small  engines 

bought  ready 

advantage- from  the  stock  of  a  manufacturer  or  dealer,  and  that  the  made. 

cheapness  and  convenience  which  such  a  course  allows  outweigh  the       Stepa£elZ^, 

minor  objections  to  accepting  a  fixed  type  and  a  ready  made  machine. 

But  the  earlier  question  has  also   to   be   considered  whether  it  is 

expedient  to  adopt  a  steam-engine  at  all,  and  whether  a  gas-engine  or 

some  other  kind  of  motor  should  not  be  preferred.     The  expenses      other  motors 

1     •  ft  J     1  r  -1^  preferred  to 

and   inconveniences  which  attend  the  use  of  a  steam-engine  bear  steam, 

heavily  on  those  of  small  power.     The  skilled  attendance  required, 
the  risk  and  inconvenience  of  fire  and  smoke,  the  difficulty  of  ex-    Disadvantages  of 
amining  and  repairing  small  boilers,  the  loss  of  time  between  the     *"**    engines, 
lighting  of  the  fire  and  the  setting  to  work,  frequently  justify  the 
opinion  that  steam-engines  are  not  the  best  suited  for  small  industries  ; 
although  for  engines  above  10  horse-power  these  inconveniences  did 
not,  in  the  absence  of  alternative  methods,  prove  sufficient  to  out- 
weigh the  advantages  gained.     Since  the  great  improvements  that 
have  been  made  in  gas-engines  and  electric  motors  the  comparison 
has  become  very  different,  especially  where  cheap  gaseous  fuel  or  an        seepage  605. 
electric  current  from  a  public  supply  is  available,  and  these  more        See  page  tw. 
modern  methods  have  to  be  considered  for  large  powers  also.     On 
the  other  hand,  there  are  cases  where  the  drawbacks  to  the  use  of 
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small  Steam-engines  are  lessened  by  the  circumstances  attending  them. 
Favourable  cases.  The  absence  of  a  boiler  is  an  instance ;  such  a  case  occurring  often 

in  factories  and  other  places,  where  small  engines  are  used  for  work- 
ing machine-tools,  and  where  steam  is  furnished  from  a  large  boiler 
situated  in  a  safe  and  convenient  place  for  other  purposes.  The 
question  then  generally  resolves  itself  into  one  of  power-transmission, 
and  the  small  engine  is  used  because  it  is  judged  more  convenient  to 
bring  powder  by  steam  in  pipes  from  a  boiler  not  too  distant,  than  by 
shafting  from  a  large  engine ;  or  because  it  is  preferable  to  have  a 
small  engine  available  for  a  single  or  isolated  machine  instead  of 
keeping  a  large  engine  at  work  for  the  purpose ;  or  where,  as  in  the 
case  of  a  donkey-engine  for  feeding  the  boiler  of  a  large  engine,  not 
only  no  separate  boiler,  but  no  additional  engine-driver  is  needed. 
Steam  cranes  afford  another  example ;  the  compactness  which  a  small 
engine  allows  being  obtainable  by  no  other  means,  and  the  crane- 
attendant  manages  the  engine  also.  But  in  places  where  boilers  and 
fires  are  inconvenient,  as  in  crowded  cities,  or  where  the  expenses  of 
attendance  bear  too  high  a  proportion  to  the  advantages  obtained, 
other  means  are  available  and  have  become  widely  adopted. 

Gas-engines,  oil-engines,  hot-air  engines,  water-engines  and  electric 
motors  are  the  alternatives  available,  each  having  its  .respective 
advantages  in  particular  cases. 


Boilers 
inconvenient. 


Substitutes  for 
steam-engines. 


Gas  engines.  Gas-engines  Utilise  heat  force  in  a  manner  quite  different  from 

that   of  a   steam-engine,  the  expansive   force   being  applied  by  a 

succession   of  explosions.      The  gas-engine  has  a   cylinder  with   a 

reciprocating  piston  from  which  power  is  taken  as  in  a  steam-engine 

Mode  of  working,  by  a  connecting  rod  to  a  crank  shaft.     The  cylinder  is  longer  than 

that  necessary  for  the  stroke  or  travel  of  the  piston,  and  the  gas, 
mixed  with  a  suitable  proportion  of  atmospheric  air  to  render  it 
combustible,  having  been  drawn  into  the  cylinder  by  the  suction  of 
the  advancing  piston,  is  then  by  the  return  stroke  compressed  into 
the  spare  or  untraversed  space  at  the  end  of  the  cylinder  and  ignited, 
the  combustion  being  so  rapid  as  to  be  deemed  an  explosion.  The 
expansive  force  so  developed  propels  the  piston  forward,  the  fly- 
wheel maintaining  an  equable  motion  from  a  succession  of  such 
strokes.  After  the  piston  has  been  pushed  forward,  it,  on  its  return, 
expels,  so  far  as  Ihe  length  of  its  stroke  allows,  the  products  of 
combustion,  and  again  moving  forward,  draws  in  another  supply  of 
gas  and  the  operation  is  repeated.     It  will  be  seen,  therefore,  that 
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there  is  a  regular  sequence  of  operations — suction,  compression, 
explosion,  expansion,  and  expulsion.  This  is  known  as  the  Otto  or 
four-stroke  cycle,  and  is  that  which,  with  flight  modifications,  has 
been  adopted  in  almost  all  gas-engines  up  to  1897,  the  engine  being 
thus  alternately  a  pump  and  a  motor.  The  gross  power  of  a  gas- 
engine  may  be  ascertained  by  an  indicator,  as  in  the  case  of  a  steam- 
engine.  In  a  well-made  gas-engine  the  initial  pressure  at  the  moment 
of  explosion  at  the  beginning  of  the  earlier  strokes  should  be  re- 
peated at  the  later  strokes,  but  this,  as  will  be  seen,  is  not  the  case 
in  many  engines. 

Where  gas  is  available  at  moderate  cost  a  gas-engine  works  more  Cost  of  working, 
cheaply  than  a  steam-engine,  there  being  less  loss  between  the 
calorific  value  of  the  fuel  and  the  effective  power  developed  than  is 
possible  in  the  most  modem  kind  of  steam-engine.  Up  till  about 
the  year  1890  the  great  majority  of  gas-engines  were  of  less  than 
20  horse-power,  and  for  such  engines  illuminating  gas  obtained  from 
the  public  mains  is  almost  always  used.  In  well-made  engines  the 
consumption  of  such  gas  should  not  exceed  20  cubic  feet  per  effec- 
tive horse-power  per  hour,  and  this  at  3  shillings  per  1000  feet  is 
about  equal  in  cost  to  a  consumption  of  9  lbs.  of  coal  at  20X.  per 
ton  in  a  steam-engine.  If  judged  by  expenditure  of  fuel,  it  will  be 
seen  that  gas-engines  do  not  differ  very  much  from  steam-engines 
of  small  power,  for  it  is  seldom  that  steam-engines  of  from  i 
to  6  horse-power  consume  less  than  10  lbs.  of  coal  per  indicated 
horse-power  per  hour.  But  if  in  a  steam-engine  the  fuel  needed  to 
raise  steam  from  cold  water  when  the  fire  is  first  lighted  be  taken 
account  of,  as  well  as  that  consumed  during  intervals  when  the 
engine  is  idle,  the  average  consumption  will,  of  course,  be  greater 
than  that  measured  only  when  the  engine  is  working,  and  where 
the  service  is  intermittent  will  perhaps  be  twice  as  much ;  while  in 
a  gas-engine  no  such  unprofitable  expenditure  is  incurred,  as  the 
engine  begins  to  work  directly  the  gas  is  lit,  and  the  consumption  of 
gas  ceases  immediately  the  engine  stops  working.  Gas-engines  do  not 
need  such  continuous  and  careful  attention  as  the  use  of  a  steam-boiler 
requires,  as  there  is  neither  fire  to  be  fed  nor  water  level  to  be  main- 
tained, and  therefore  they  are  useful  in  private  houses,  or  in  printing 
works,  laundries,  or  in  warehouses  for  cranes  or  hoists,  and  for  the 
latter  purpose  may  usefully  pump  water  for  a  hydraulic  lift.  In 
city  workshops,  warehouses,  or  crowded  buildings,  a  gas-engine  has 
the  great  advantage  of  freedom  from  that  risk  of  fire  which  the  use 
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of  the  Steam-engine  involves;  and  the  cost  of  insurance  is  not 
increased  by  their  use  in  such  buildings.  They  are  also  used  with 
advantage  for  pumping  up  hydraulic  accumulators,  for  opening  dock 
gates  or  bridges,  or  wherever  the  service  is  too  small  or  intermittent 
for  the  economical  use  of  a  steam-engine.  Even  illuminating  gas 
can  sometimes  be  better  applied  to  give  power  to  an  electric-light 
dynamo  than  for  direct  use  itself  for  lighting. 

The  theoretical  economies  obtainable  by  the  use  of  gaseous  fuel 
have  long  been  known  to  engineers,  but  even  after  the  expiration 
of  the  Otto  patents  had  cheapened  the  price  of  engines,  they  were 
restricted  in  practice  by  the  high  price  of  illuminating  gas  and  by 
the  small  powers  to  which  the  system  could  be  applied.  Gas 
obtained  from  the  public  mains  is  costly  if  reckoned  by  its  calorific 
value,  because  of  the  monopoly  of  its  supply  and  by  the  methods  of 
its  manufacture,  purification,  and  distribution.  In  regard  to  limits  of 
size  and  power,  diflficulties  rapidly  arise  in  the  Otto  cycle  of  working 
when  40  horse-power  is  exceeded.  Some  of  the  minor  drawbacks 
common  to  all  gas-engines  were  overcome  during  the  early  years  of 
working,  such  as  in  the  method  of  admitting  the  gas  and  of  igniting 
it,  an  incandescent  tube  being  found  better  than  the  gas  flame  or 
electric  spark  originally  employed.  But  the  main  difficulty  is  in 
the  keeping  the  cylinder  cool  and  clean,  for  there  is  left  in  the 
combustion  chamber  after  each  explosion  a  portion  of  the  burnt 
gases  at  a  high  temperature.  These  burnt  gases  are  not  reached  by 
the  returning  stroke  of  the  piston,  and  if  means  were  not  taken  to 
reduce  the  temperature,  the  fresh  charge  of  gas  and  air  would  be 
hotter  and  more  dilute  than  eflSciency  requires,  the  pressure  at  the 
moment  of  explosion  would  be  less,  and  the  power  of  the  engine 
rapidly  diminished.  There  is  even  a  danger  that  the  new  charge 
will  ignite  prematurely  by  the  hot  products  of  combustion,  and  the 
working  of  the  engine  be  entirely  deranged.  It  is  usual,  therefore, 
to  surround  the  cylinder  by  an  outer  casing  or  jacket  through  which 
cold  water  circulates ;  and  in  small  engines  the  volume  of  gases  in 
the  cylinder  being  small  in  proportion  to  the  cooling  surface  so 
obtained,  the  reduction  in  the  temperature  during  expansion  and 
exhaust  is  sufficiently  rapid  to  allow  of  a  repetition  of  strokes  with 
the  necessary  frequency  when,  as  is  almost  always  the  case  in  small 
engines,  illuminating  gas  is  used.  For  with  such  gas  the  proportion 
of  air  in  the  charge  is  nearly  seven-eighths  of  the  whole,  and  this 
ensures  rapid  consumption.     For  engines  of  more  than  50  horse- 
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power  the  cost  of  rich  illuminating  gas  is  prohibitive,  and  the 
cheaper  producer  gases  when  available  for  power  purposes  cannot 
be  used  if  the  methods  of  cooling  the  combustion  chambers  and 
freeing  it  of  the  foul  products  of  combustion  are  those  which  have 
been  usual  with  the  makers  of  small  engines  on  the  Otto  system. 
The  retention  of  these  foul  products  occupies  much  space  which 
could  be  more  profitably  filled  with  combustible  gases,  for,  as  will 
presently  be  seen,  a  much  larger  quantity  of  producer  gas  is  required 
than  is  necessary  with  illuminating  gas.  When  50  horse-power  is 
much  exceeded,  not  only  does  the  cost  of  rich  illuminating  gas 
become  burdensome,  but  the  ordinary  method  of  cooling  and  cleans- 
ing the  combustion  part  of  the  cylinder,  which  is  effective  in  small 
engines,  is  insufficient,  and  still  more  so  when  diluted  producer  gas  is 
used.  It  has,  therefore,  been  customary  among  the  makers  of  small 
gas-motors  to  recommend  the  use  of  two  or  more  of  such  engines,  or, 
at  any  rate,  of  engines  with  two  cylinders,  when  considerable  power 
is  required.  The  only  effective  means  up  to  1898  of  overcoming 
the  difficulty  has  been  by  sweeping  or  "  scavenging  "  the  combustion 
chamber  at  each  return  stroke  of  the  piston  by  a  strong  current  of 
cold  air,  a  small  part  of  the  power  of  the  engine  being  applied  to 
compress  air  for  the  purpose.  This  apparatus  is,  of  course,  best 
made  as  part  of  the  original  engine,  but  may  be  added  with  advan- 
tage to  all  engines  on  the  Otto  cycle  above  50  horse-power.  Only 
by  this  means  can  gas-engines  run  at  full  power  for  many  hours. 

Producer  gas,  which  is  gas  made  with  a  view  of  developing  its 
calorific  qualities,  and  without  the  processes  necessary  in  illuminating 
gas,  can  be  made  by  the  Dowson  or  other  analogous  systems  from 
anthracite  coal,  or  from  incandescent  coke,  at  a  cost  in  great  Britain  of 
about  one  penny  per  1000  feet.  Although  about  four  times  as  large 
a  volume  of  this  gas  is  required  for  power  purposes  as  is  required  with 
the  richer  illuminating  gas,  it  will  be  seen  how  much  cheaper  it  is  if 
measured  by  the  results  obtained.  By  means  of  the  improved  method 
of  "  scavenging "  and  cooling  just  described,  the  use  of  this  cheap 
producer  gas  is  rendered  possible  for  large  powers,  and  the  position 
held  by  the  gas-engine  as  a  prime  motor  has  been  entirely  altered. 
Instead  of  being  merely  a  convenient  substitute  for  steam-engines  of 
moderate  powers,  gas-engines  had,  between  the  years  1 890-1 897,  been 
made  up  to  200  horse-power  with  a  large  saving  in  the  cost  of  working 
over  the  very  best  steam-engines,  and  there  are  no  insuperable  diffi- 
culties of  making  them  of  even  larger  powers.       It  may  be  said  of 
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Steam-engines  that  the  consumption  of  coal  is  seldom  less  than  2  lbs. 
per  horse-power  per  hour,  but  the  gas  from  less  than  i  lb.  of  similar 
or  even  cheaper  coal  will  suffice.  Such  engines  work  with  the  best 
advantage  where  producer  gas  is  made  on  a  large  scale,  but  a  pro- 
ducing plant  for  gas  of  the  Dowson  kind  can  be  established  with 
advantage  for  single  engines  of  not  less  than  50  horse-power  at  a 
total  cost  per  engine  and  gas  plant  not  greater  than  the  total  cost  of 
steam-engine,  steam-boiler  and  chimney ;  while  for  larger  powers  the 
total  capital  expenditure  is  less.  In  either  case  the  consumption  of 
fuel  is  only  one-half  that  of  a  steam-engine.  But  other  inventions  bid 
fair  to  still  further  extend  and  cheapen  the  use  of  gas-engines.  Pro- 
ducer gas  made  from  bituminous  coal,  which  is  that  found  in  most 
colliery  districts  in  Great  Britain,  and  so  often  used  for  heating- 
furnaces  in  the  manufacture  of  steel  and  iron,  has  been  unsuitable  for 
gas-engines  because  of  the  tar  it  contained,  but  by  the  Mond  inven- 
tions, which  allow  the  separation  of  the  various  products  in  the  coal, 
not  only  is  pure  gas  obtained,  but  by-products,  principally  sulphate 
of  ammonia,  of  considerable  value  are  saved,  almost  recouping  the 
cost  of  the  coal.  This  process  could  not,  till  1898,  be  economically 
applied  for  small  powers,  and  was  useful  only  for  large  imdertakings 
where  either  for  heating,  or  for  power,  or  for  both,  fuel  is  required 
on  a  considerable  scale.  An  adaptation  of  such  economies  to  smaller 
undertakings  is  probable. 

It  is  usual  to  reckon  the  power  of  gas-engines  by  the  actual  or 
effective  force  given  out  from  the  fly-wheel  as  measured  by  a  friction- 
brake.  On  this  basis  small  gas-engines  of  i  horse-power  cost  about 
;^30,  and  the  rate  diminishes  as  the  power  increases,  so  that  an  engine 
of  10  horse-power  costs  about  ;^i  20,  and  one  of  1 00  horse-power  about 
;;^5oo.  In  some  cases  it  is  found  economical  and  useful  to  couple 
two  engines  tandem  to  the  same  shaft,  so  that  by  alternate  explosions 
a  more  equable  movement  is  obtained.  This  method  is,  for  instance, 
adopted  sometimes  with  engines  over  150  horse-power  giving  force 
to  dynamos  for  electric  lighting  or  power  transmission. 


Oil-enginea. 


Oil  fuel  for  ateam- 
boilera. 


Oilengines. — Crude  oil  and  oil  residuum  (Astatki)  have  been 
largely  used  as  fuel  for  steam-boilers  in  countries  where  such  oil  is 
abundant;  notably  in  Pennsylvania,  also  on  the  Caspian  Sea,  and 
its  tributary  the  River  Volga,  where  coal  is  scarce,  and  generally  in 
south-east  Russia  for  steamers  and  locomotives.  In  these  cases  the 
oil  is  injected  into  the  furnace  by  a  jet  of  high-pressure  steam,  with 
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which  it  is  mixed.  But  the  modem  oil  engines  are  those  which 
develop  the  heat  force  of  mineral  oil  directly  without  the  inter- 
mediary of  a  steam  boiler,  and  these  engines  may  be  deemed  sub- 
stitutes for  gas-engines  in  places  where  gas  is  unobtainable  or  is  dear, 
and  where  petroleum  can  be  purchased  at  moderate  prices.  For  it  is 
endeavoured  to  so  vaporise  the  oil  as  to  render  it  explosive  on  the 
same  principle  as  in  the  gas-engines  just  described.  But  at  first, 
although  oil-engines  were  successfully  worked  on  the  Otto  cycle,  it 
was  only  accomplished  by  using  a  highly  volatile  petroleum  spirit 
like  benzoline,  which  had  the  great  disadvantage  of  being  dangerous 
for  transport  and  storage,  the  risk  being  greatly  increased  in  a  hot 
climate.  The  difficulty  in  using  the  heavy  American  or  Baku  oils  of 
the  ordinary  kind  sold  for  lighting  purposes,  was  that  of  disintegrating 
or  breaking  up  the  oil  to  mix  it  with  the  proportion  of  atmospheric 
air  necessary  to  render  it  combustible  when  vaporised,  and  it  is  only 
since  this  has  been  done  that  the  engines  may  be  deemed  com- 
mercially successful.  The  vaporiser  is  the  part  of  an  oil-engine 
which  mainly  distinguishes  it  from  a  gas-engine ;  and  in  this  respect 
oil-engines  may  be  divided  into  two  classes,  those  which  vaporise  the 
oil  in  the  cylinder  or  explosive,  chamber,  and  those  which  have  a 
separate  vessel  as  vaporiser.  In  the  best  modem  engines  the  ordinary 
commercial  oil  known  as  kerosene  can  be  used,  and  as  these  oils  flash 
only  at  a  high  temperature,  they  are  safe  for  storage  and  transport. 

The  engines  are  made  of  powers  from  i  to  i6  horse-power,  and  in 
size,  appearance,  and  weight  much  resemble  gas-engines.  The  con- 
sumption of  oil  is  about  i  J  pints  per  effective  horse-power  per  hour, 
and  with  oil  at  8//.  per  gallon  the  cost  of  working  is  about  equal  to  that  Cost  of  working, 
of  gas-engines  when  illuminating  gas  is  purchased  at  4X.  per  looofeet. 
After  the  first  few  strokes  the  heat  for  vaporising  the  oil  is  produced 
by  the  engine  itself,  but  in  order  to  start  the  engine  the  heat  from  a 
small  lamp  placed  below  the  cylinder  is  necessar}',  lo  or  15  minutes 
being  occupied  in  this  preliminary  operation.  The  vapour  is  drawn 
into  the  cylinder  and  compressed  as  in  a  gas-engine,  and  then 
ignited.  Steady  running  is  maintained  by  a  fly-wheel  and  by  means 
of  an  ordinary  governor  as  in  a  gas-engine;  the  quantity  of  oil 
admitted  being  made  to  accord  with  the  work  done  by  the  engine, 
so  that  with  an  engine  of  a  given  nominal  power  the  real  force  may 
be  made  to  vary  within  considerable  limits.  Measured  by  the  actual 
or  effective  power  as  given  off  from  the  fly-wheel,  the  engines  cost 
about  J[,^Q  for  i  horse-power;  ;^i25  for  2  horse-power;  ;£i6o  for 
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3  horse-power;  ;^22o  for  6  horse-power,  and  so  on.     These  engines 

have  been  constructed  as  portable  motors  for  places  where  fuel  or 

water  for  a  steam-boiler  is  scarce.     The  circumstance  that  an  oil- 

Cannot  be  started  engine  Cannot  be  started   instantaneously  is  a  drawback   to   their 

quickly.  ° 

use,  for  when  an  engine  is  stopped  and  allowed  to  cool,  the  oil  has 
again  to  be  warmed  for  a  re-start.  For  this  reason  oil-engines  on 
motor  cars  and  elsewhere  are  often  kept  constantly  running  while 
on  service,  the  starting  and  stopping  of  the  machinery  they  are 
working  being  effected  by  a  clutch.  The  cylinder  of  an  oil-engine 
requires  a  water  jacket  for  the  same  reason  as  a  gas-engine,  the 
quantity  of  water  needed  for  circulation  ranging  from  150  gallons 
to  1500  gallons,  according  to  the  size  of  the  engine.  But  as  the 
same  water  continues  to  circulate,  and  the  loss  is  only  by  partial 
evaporation  and  possible  leakage,  the  daily  consumption  of  water 
need  only  be  a  twentieth  of  the  quantity  given  above. 
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Compressed-air  engines  have  already  been  described  as  secondary 
motors,  principally  used  where  steam  is  unavailing,  and  where  the 
exhaust  air  is  useful  for  ventilation,  as  in  mines.  But  air-engines  are 
also  applied  to  utilise  force  supplied  by  a  complete  system  of  power 
transmission  in  towns,  as  carried  on  in  Paris  and  elsewhere. 


Hot-air  engrines. 


Compressed  air 
heated. 


Hot-air  engines^  in  which  the  expansive  force  of  compressed  air  is 
increased  by  heating  it,  offer  somewhat  the  same  conveniences  as 
those  afforded  by  the  gas-engine.  These  hot-air  engines  are  com- 
plete and  self-contained  machines  (independent  of  any  outside 
supply),  in  which  a  large  proportion  of  the  gross  power  is  spent  in 
compressing  the  air  which  is  then  heated ;  and  it  is  only  the  extra 
force  due  to  the  heating — less,  of  course,  that  consumed  in  friction — 
that  is  gained.  In  the  simplest  kind  of  hot-air  engine  there  are 
two  cylinders,  one  in  which  the  air  is  compressed,  and  the  other  in 
which  it  expands  and  does  its  work.  At  the  bottom  of  the  working 
cylinder  is  a  small  furnace  for  heating  the  air,  and  this  can  be  so 
arranged  as  to  bum  with  only  occasional  attention.  These  engines 
are  most  suitable  for  powers  of  from  \  horse-power  to  2  horse-power, 
and  can  be  conveniently  used  in  private  houses  or  small  workshops, 
the  smoke  being  taken  either  through  a  sheet-iron  chimney,  8  to 
1 2  ft.  high,  or  into  an  ordinary  house  chimney  or  flue.  For  organ- 
bellows  and  other  purposes,  where  but  small  power  is  required,  the 
heat  may  he  supplied  from  gas-burners.     An  air-engine  of  \  horse- 
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power  occupies  about  5  square  ft.  of  ground  space,  stands  4^  ft.  high, 
with  a  fly-wheel  2  ft.  diameter,  and  costs  about  ^40,  while  a  2  horse-  Siaes  and  prices, 
power  engine — and  they  are  seldom  made  larger — costs  about  ^£^140. 
The  consumption  of  fuel  is  more  than  in  a  gas-engine,  but  this  may 
be,  under  certain  circumstances,  of  small  consequence  if  compared 
with  the  advantages  afforded.  Hot-air  engines  are  very  useful  for  Examples  of  use. 
either  continuous  or  intermittent  pumping,  where  the  quantity  of 
water  required  is  not  enough  to  justify  the  cost  of  a  steam-engine 
and  the  wages  of  an  engine-driver.  For  instance,  at  a  roadside 
railway  station  the  water-supply  for  locomotives  may  be  thus  main- 
tained, and  the  occasional  attention  of  an  unskilled  workman  may 
suffice  to  keep  engine  and  pump  going. 


Water-engines, — The  methods  and  advantages  of  transmitting 
power  by  water  have  been  already  described.  •  For  utilising  natural 
water  sources  the  main  points  which  determine  the  choice  of  machine 
are — the  purpose  in  view  and  its  extent,  the  height  of  fall,  the  volume 
and  continuity  of  the  supply  and  its  liability  to  restriction  at  certain 
seasons.  In  such  cases  of  natural  supply,  some  form  of  turbine  is 
generally  preferable,  water-wheels  being  seldom  used  except  where 
there  is  a  rapid  flow  of  water  with  a  slight  fall.  Where  the  machinery 
to  be  driven  requires  a  rotary  motion,  a  turbine  is  suitable  for  any 
fall  between  5  ft.  and  300  ft.,  and  as  it  can  deal  with  a  large  volume 
of  water  it  can  give  more  power  in  proportion  to  its  diameter  than 
any  other  water  motor.  For  a  fall  of  not  less  than  10  ft.  an  efficiency 
of  60  per  cent,  can  be  obtained,  as  has  been  proved  in  many  cases 
by  measuring  the  electric  energy  generated  by  a  turbine  for  lighting 
or  power  transmission. 

For  utilising  high  pressures  distributed  in  pipes,  various  kinds  of 
motors  are  available.  At  Antwerp,  pressure  water  from  the  public 
hydraulic  mains  is  utilised  by  turbines.  In  most  cases  where  rapid 
rotary  motion  under  a  steady  load  is  required,  the  Pelton  wheel  is 
preferred,  as  it  gives  under  most  circumstances  better  results  than 
any  other  water  motor.  This  is  a  circular  machine  in  which  the  water 
impinges  on  buckets  or  vanes,  so  arranged  as  to  give  a  net  efficiency 
of  from  70  to  80  per  cent,  according  to  the  constancy  of  the  load. 
The  power  of  a  Pelton  wheel  of  given  diameter  can,  however,  be 
varied  within  considerable  limits.  Where  the  p)ower  required  is 
known  and  remains  constant,  the  supply  nozzle  can  be  so  made  as 
to  restrict  the  flow  of  water  to  the  exact  quantity  required,  and  by 
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means  of  two  or  more  nozzles  the  power  may  be  increased  with  the 
fullest  economy  in  working.  For  instance,  an  i8-in.  motor,  costing 
about  ;^6o,  working  with  a  pressure  of  700  lbs.  per  square  inch,  and 
fitted  with  two  nozzles  of  different  sizes,  can  be  made  to  give  off 
three  different  powers,  the  use  of  the  smaller  nozzle  producing 
5  horse-power,  of  the  larger  nozzle  10  horse-power,  and  of  both 
nozzles  together  15  horse-power. 

Some  pressure  between  500  lbs.  and  1000  lbs.  is  generally  adopted 
in  hydraulic  power  mains — in  London  it  is  700  lbs. — ^but  as  the 
Pelton  wheel  can  be  used,  though  with  less  advantage,  with  the  much 
lower  pressures,  say  of  from  40  lbs.  to  100  lbs.,  usual  in  municipal  water 
mains,  it  is  necessary  to  take  the  actual  pressure  into  account  in 
selecting  and  adjusting  the  machine. 

The  application  of  pressure  water  to  reciprocating  engines  is  limited, 
because  the  full  force  is  required  throughout  the  stroke  of  the  piston, 
the  water  having  no  expansive  force  like  steam  or  compressed  air, 
either  of  which  can  be  economically  applied  by  cutting  off  the  supply 
when  the  piston  has  performed  only  part  of  its  stroke.  It  is  owing 
to  this  restriction  that  hydraulic  p)ower  is  chiefly  applied  to  direct 
loads  such  as  the  ram  of  a  hoist  or  crane,  and  it  was  in  connection 
with  these  cranes  that  Armstrong's  accumulator  system  found  its 
first  development.  Revolving  capstans  may  also  be  advantageously 
worked  by  reciprocating  water-engines  at  moderate  speed,  because, 
though  the  cost  according  to  power  may  appear  high  if  compared 
with  that  of  steam,  there  is  really  an  economy  in  the  case  of  machines 
working  intermittently,  as  they  may  be  used  only  once  an  hour  or 
once  a  day  with  only  a  proportionate  expenditure. 

Reciprocating  water-engines  are  also  useful  for  small  industries 
where  neither  steam,  gas  nor  oil  motors  are  obtainable  at  moderate 
cost,  and  where  the  only  transmitted  power  at  hand  is  that  of  high- 
pressure  water.  The  cost  of  water-engines  may  be  conveniently 
stated  not  according  to  their  power,  but  according  to  that  capacity 
for  power  which  the  actual  pressure  available  must  determine.  For 
instance,  an  engine  with  a  pair  of  oscillating  cylinders  4  in.  diameter, 
with  a  stroke  of  8  in.  and  occupying  a  space  of  2  ft.  by  i  ft.  9  in. 
by  2  ft.  high,  would  with  a  100  ft.  head  of  water  give  out  2  indi- 
cated horse-power,  while  the  same  engine  would  be  strong  enough 
to  give  out  6  horse-power  with  a  300  ft.  head  of  water.  Smaller 
engines  of  this  kind,  expressing  from  i  to  i  horse-power,  cost  from 
£20  to  ^40. 
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Electric  motors, — If  a  continuous  current  such  as  is  generated  for  Electric  engines, 
lighting  purposes,  as  already  described,  be  applied  to  an  electric  motor 
the  reverse  process  to  that  which  generated  it  takes  place,  and  the 
current  is  re-transmuted  into  mechanical  energy,  which  may  beconve-  Set ^agtt  7$^  a*  sqa- 
niently  taken  by  a  belt  from  the  fly-wheel  or  otiierwise,  and  applied 
to  any  purpose  where  power  is  required.  It  will  be  seen,  therefore, 
that  an  electric  engine  is  in  an  entirely  different  category  to  that  of 
the  heat  motors  already  described,  which  are  self-contained  and  need 
only  a  supply  of  fuel — coal,  wood,  gas  or  oil  as  the  case  may  be — 
while  an  electric  engine,  in  this  respect  like  a  hydraulic  engine  or 
compressed-air  engine,  is  dependent  for  its  power  on  a  primary  motor 
at  a  distance ;  this  being  the  case  even  if  the  immediate  supply  be 
taken  from  accumulators.  Now  that  complete  systems  of  electric 
lighting  have  been  established  in  cities,  and  conductor-mains  traverse 
the  streets,  electric  motors  can  be  placed  anywhere  within  the  range 
of  such  mains  and  the  power  paid  for  at  a  tariff  fixed  for  an  equivalent 
supply  for  lighting  purposes.  An  electric  lighting  company,  however, 
is  generally  disposed  to  sell  power  during  the  day  at  a  reduced  price, 
so  as  to  utilise  its  generating  and  distributing  plant  at  a  time  when  it 
is  not  used  for  lighting.  As  an  example,  the  current  will  often,  in 
Great  Britain,  be  sold  at  3^.,  or  even  2^.,  per  unit,  when  the  price  for 
lighting  is  6d.  or  7^.  One  unit  equals  about  i\  horse-power  for  one 
hour,  and  allowing  for  loss  in  re-conversion  gives  a  useful  or  net 
effect  of  fully  i  horse-power. 

Electric  dynamo-motors  vary  in  form,  and  with  a  given  limit  of 
weight  and  size  the  power  can  be  varied  within  a  considerable  range, 
according  to  the  speed.  The  choice  of  motor  in  this  respect  is 
determined  by  the  purpose  in  view  and  the  space  available.  Thus 
motors  running  at  the  moderate  speed  of  1000  revolutions  per 
minute  can  be  easily  connected  through  one  train  of  wheels  to 
machines,  or  by  belting  to  countershafts  running  at  150  revolutions. 
But  electric  motors  can  be  profitably  employed  at  much  higher 
speeds  than  1000  revolutions,  and  can  be  applied  directly  to  such 
(juickly-rotating  machines  as  circular  saws  or  fans. 

The  weight  and  cost  of  a  motor  of  a  certain  power  depend  also 
on  whether  the  working  parts  are  open  and  exposed  or  whether  they 
are  enclosed  and  protected.  If  enclosed  it  is  necessary  to  provide 
for  ventilation.  With  these  differences  a  continuous-current  motor 
giving  out  one  effective  horse-j)ower  may  weigh  from  130  lbs.  to 
280  Il)s  ,  and  cost  from  jQi^  to  ^30;  a  motor  of  5  horse-power 
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from  600  lbs.  to  looo  lbs.,  costing  from  J[^^o  to  J[^io ;  a  motor  of 
10  horse-power  from  looo  lbs.  to  1500  lbs.,  costing  ^^65  to  ;;^ioo. 
From  10  to  30  per  cent,  must  be  added  to  the  cost  of  the  motor  for 
accessories  and  spare  parts.  If  high-speed  motors  are  applied  to 
slowly  moving  machines  of  course  the  cost  and  friction  of  the 
intermediary  gearing  or  belting  required  must  be  set  against  the 
saving  in  the  price  of  the  motor. 

Electric  motors  have  become  so  general  an  article  of  commerce, 
that  lists  of  the  various  kinds  and  sizes  are  issued  by  manufacturers 
in  the  same  way  as  are  catalogues  and  prices  of  steam-engines,  and 
there  is  no  more  risk  of  failure  or  derangement  in  the  one  machine 
than  in  the  other.  The  variety  of  ])urposes  to  which  these  motors 
can  be  applied  is  too  great  to  be  enumerated.  They  form  a  last  link 
in  the  chain  of  electric  transmission  which  is  superseding  many  of 
the  older  systems  of  conveying  and  distributing  power.  Besides 
such  stationary  purposes  as  the  working  of  pumps,  cranes  and 
Seepages  320  6*  703.  machine  tools,  their  use  for  tramcars  and  tunnel-railway  locomotives 

is  continually  extending. 

The  current  expenses  of  working  dynamo  motors  are  comprised 
in  the  daily  outlay  for  the  electric  current  according  to  the  tariff 
agreed  upon,  and  from  5  to  lo  per  cent,  per  annum  on  the  original 
cost  for  maintenance  and  renewals.  Where  considerable  aggregate 
power  is  required,  as  in  large  factories,  it  is  generally  cheaper  to 
install  a  dynamo-generator  worked  by  a  steam-engine  or  gas-engine. 
A  special  attendant  for  the  dynamo  motors  is  seldom  required ;  the 
parts  wear  very  slowly,  and  little  else  but  cleaning  and  oiling  is 
required. 

In  order  to  obtain  a  suitable  electric  motor,  the  manufacturer 
should  be  informed  of  the  purpose  in  view,  the  power  required  for  it, 
the  speed  of  the  machine  to  which  it  is  to  be  applied,  and  also  of  the 
system  of  the  electric  supply  available  and  its  voltage. 
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CHAPTER    XXII. 

PUMPS.      PUMPING-ENGINES.      FIRE-ENGINES. 
TANKS.      PIPES.      TUBES. 

Engines  for  pumping  need 
a    classification    of    their 
own,  apart  from  those  for 
general  uses  described  in 
the  preceding  chapter ;  but 
though  all  applied  to  this 
one    general    purpose    of 
raising  water,  the  forms, 
systems,  and  methods  em- 
ployed to  meet  the  various 
cases  which  occur  are  of  the  most  diverse  kinds.     Pumps  which  may 
be  suitable  under  certain  conditions,  may  under  other  circumstances 
be  quite  unsuitable ;   and  unnecessary  expense  or  complete  failure 
generally  attends  the  use  of  pumps  so  misapplied. 

The  incidents  already  described  as  affecting  the  choice  of  a 
steam-engine,  are  many  of  them  applicable  to  steam  pum ping-engines 
also,  and  need  not  again  be  enumerated ;  but  there  are  obviously 
others  which  apply  particularly  to  pumping.  The  quantity  of  water 
to  be  raised  in  a  given  time  being  known,  and  the  height  to  be 
lifted,  the  other  circumstances  of  the  case  have  then  to  be  con- 
sidered, and  these  are  fully  enumerated  on  pages  629-631.  The 
choice  of  a  pump  is  often  wholly  determined  by  secondary  con- 
ditions, for  the  first  cost  and  the  power  consumed  in  working  may 
have  to  be  subordinated  to  the  necessity  for  fixing  the  pump  in  a 
particular  place,  or  the  driving  it  from  some  existing  boiler  or 
sieam-engine  or  running  shaft. 

The  various  kinds  of  pumps  might  from  one  point  of  view  be 
classified  as  Lifting  pumps,  Forcing  pumps,  and  Pressure  pumps,  with 
a  separate  enumeration  of  Centrifugal  pumps  and  Rotary  pumps.    The 
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whole  of  these  may,  however,  be  more  conveniently  summarised  into 
two  groups  as  Reciprocating  pumps  and  Rotary  pumps.  Of  these 
two,  the  first  may  be  subdivided  into — 

1.  The  Single-acting  pump. 

2.  The  Bucket  and  plunger  pump. 

3.  The  Double-acting  pump. 

The  Single-acting  pump,  as  indicated  by  the  term,  delivers  only 
on  the  upward  or  downward  stroke,  there  being  no  deliver)'  on  the 
alternate  stroke.  The  simplest  form  of  this  pump  is  the  ordinary 
hand-pump  for  domestic  supplies,  raising  the  water  from  a  well  to 
a  spout  or  trough  a  few  feet  above  the  ground.  This  is  sometimes 
known  as  a  lifting  pump,  as  the  water  is  drawn  or  pulled  upwards. 
These  pumps  have  for  their  characteristic  feature  the  hollow  bucket 
through  which  the  water,  after  it  has  been  forced  up  by  the  atmo- 
sphere during  the  forward  stroke,  passes  as  the  bucket  returns. 
Commencing  with  the  familiar  hand^pump,  which  can  be  purchased 
for  J^\  and  upwards,  the  sizes  increase  until  the  use  of  steam-power 
becomes  expedient. 

Local  considerations  can  alone  decide  the  precise  point  where 
manual  power  should  cease,  as  also  the  nature  of  the  alternative 
power  to  be  applied.  It  may,  however,  be  pointed  out  that  the  work 
of  pumping  is  much  tOQ  uniform  to  be  efficiently  earned  on  by  manual 
labour  for  any  prolonged  period.  For  pumps  worked  by  manual 
force  the  cost  will  range  from  ;;^io  for  a  pump  capable  of  raising 
with  one  man  2  gallons  40  feet  high  per  minute,  to  ^^25  for  one 
capable  of  raising  7  gallons  50  feet  high  with  two  men.  Beyond 
these  capacities,  steam  or  other  artificial  power  becomes  necessar}', 
and  the  cost  depends  on  various  circumstances  other  than  the 
quantity  of  water  and  the  height.  As  single-acting  pumps  are  so 
frequently  used  for  moderate  depths,  and  are  generally  in  such  cases 
fixed  on  the  ground  level,  it  is  necessary  to  remember  that,  as  the 
vacuum  formed  by  the  pump  is  able  to  draw  only  from  a  depth  of 
25  feet,  the  effective  part  of  the  pump  (the  working  barrel)  must  be 
placed  below  the  ground  and  within  25  feet  of  the  water  when  a 
greater  lift  is  required.  If,  besides  lifting  the  water  to  the  ordinar)' 
level  of  a  discharge  spout  or  pipe  on  the  working  barrel  (Fig.  129), 
it  is  desired  to  raise  the  water  still  higher  through  a  rising  main  to  an 
elevated  tank  or  reservoir,  then  the  top  of  the  pump  must  be  closed 
and  the  joints  and  other  parts  of  the  pump  made  sufficiently  strong 
and  water-tight  to  resist  the  pressure  of  the  column  of  water.     I'here 


Part  II.] 


Pum ping-engines. 


615 


is  an  infinite  variety  of  shapes  and  methods  of  placing  these  pumps 
and  of  applying  the  power,  and  hundreds  of  engravings  would  hardly 
suffice  to  show  the  various  patterns  made  by  different  manufacturers. 
In  some  cases  it  is  found  expedient  to  have  two  such  pumps  fixed  in 
the  well,  worked  from  a  two-throw  crank  at  opposite  angles,  as  such 
an  arrangement  equalises  the  work  done  throughout  the  revolution  of 
the  crank  handle.  Where  three  single-acting  pumps  are  worked  from 
one  shaft  by  cranks  set  at  equal  angles,  they  are  known  as  "  three- 
throw  pumps."  This  arrangement,  by  which  a  uniform  flow  of  water 
is  obtained,  is  not  only  used  for  pumping  water  against  moderate 
heads,  as  in  breweries,  chemical-w^orks  and  tanneries,  but  also  for 
pumping  from  deep  wells  and  delivering  direct  into  water-supply 
mains.  Three-throw  pumps  are  sometimes  arranged  horizontally 
where  the  suction-water  is  at  a  moderate  depth.  Suction  pumps  of 
this  class  are  not  suitable  for  raising  hot  water,  as  the  steam  pre- 
vents the  formation  of  a  vacuum ;  and,  therefore,  for  hot  water  it  is 
usual  to  employ  a  force-pump  placed  below  the  level  of  the  water 
to  be  raised. 

The  same  principle  of  single-acting  pump  is  frequently  used  for 
raising  large  quantities  of  water,  as,  for  example,  in  pumping  out 
docks,  or  for  drainage,  working  only  under  a  few  feet  lift  and 
delivering  some  tons  of  water  per  stroke  ;  and  also  in  pumping  out 
mines  or  well-sinkings  of  considerable  depth.  In  the  latter  case 
the  working-barrel  is  fixed  at  a  considerable  depth  from  the  surface, 
and  the  delivery  consists  of  stand-pipes  carried  right  up  to  the 
ground  or  other  delivery  level,  these  pipes  being  of  somewhat  larger 
diameter  than  the  working  barrel,  to  allow  of  the  bucket  ai^d  clack 
being  easily  drawn  up  through  the  pipe.  The  pumi>rods  to  which 
the  bucket  is  attached,  work  in  the  stand-pipes,  wing-guides  being 
fitted  on  the  rods  to  prevent  their  undue  vibration.  It  is  difficult 
to  put  a  limit  to  the  size  of  these  pumps  or  to  the  pressure  under 
which  they  will  work. 

Another  usual  tyj)e  of  single-acting  pump  consists  of  a  ram  or 
solid  plunger  working  in  an  open-topped  barrel  through  a  gland,  and 
having  an  inlet  and  outlet  valve  in  a  box  at  the  bottom  of  the  barrel. 
The  action  is  similar  to  that  of  the  single-acting  bucket  type,  except 
that  the  delivery  water  is  forced  through  a  stationary  valve  to  the 
side  of  the  barrel  instead  of  through  the  moving  bucket  valve,  this 
arrangement  providing  for  easy  access  to  examine  the  valves. 
There  is  also  the  ditference  that  the  power  is  applied  by  the  thrust 
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of  the  pump  rod  which  must  therefore,  for  high  lifts,  be  made  stiffer 
than  where  the  water  is  lifted  by  the  pull  or  tension  of  the  rod.  For 
this  reason  such  pumps  are  sometimes  classed  among  force  pumps. 
Single^cting  pumps  as  above  described  are  sometimes  worked 
direct  from  a  crank  on  the  engine  shaft,  but  more  generally  through 
gearing  from  a  bell-crank  lever  fixed  over  the  head  of  the  well  and 
actuated  either  by  a  horizontal  or  vertical  engine.  When  only  one 
pump  is  fixed  in  such  a  well  or  shaft  it  becomes  necessary  to  counter- 
•  balance  it  by  weights  on  the  arm  of  the  lever,  but  when  two  pumps 
are  used  they  may  be  worked  from  either  end  of  a  tee-bob  or  by 
coupled  bell-cranks  (Figs.  132,  133),  by  either  of  which  arrange- 
ments one  pump  balances  the  other. 

The  "  Bucket  and  plunger  "  pump  is  an  ingenious  combination  of 
the  two,  for  though  it  resembles  the  single-acting  bucket  pump 
(Fig,  129)  so  far  as  the  valve  and  bucket  are  concerned,  the  pump 
rod,  instead  of  passing  from  the  bucket  directly  into  the  barrel  or 
stand-pipe,  is  enlarged  into  a  plunger  having  a  fixed  relation  to  the 
diameter  of  the  working  barrel.  Assuming  that  the  area  of  the 
plunger  is  just  one-half  that  of  the  bucket,  it  will  be  seen  that  on  the 
upstroke  of  the  pump  the  working  barrel  becomes  charged  to  its  full 
capacity  with  w^ater,  as  in  the  case  of  the  single-acting  pump,  and  that 
on  the  down-stroke  all  the  water  must  pass  through  the  bucket-valve, 
but  that  as  the  plunger,  in  descending  into  the  barrel,  occupies  one- 
half  thereof,  it  forces  in  this  down-stroke  half  the  water  up  the 
delivery  pipe,  the  remaining  half  being  delivered  on  the  succeeding 
up-stroke.  The  ^^  Piston  and  plunger^''  pump  gives  the  same  result  of 
continuous  delivery.  The  barrel  is  fully  charged  at  the  suction  or 
up-stroke,  but  only  half  the  water  passes  into  the  rising  main  at  the 
down-stroke,  the  remainder  passing  into  the  working  barrel  above 
the  piston.  Al  the  next  up-stroke  this  also  is  discharged.  In  both 
these  classes  of  pumps  the  action  is  that  of  a  single-acting  pump  on 
its  suction  side,  while  on  the  delivery  side  it  has  the  advantage  of  the 
double-action  pump  without  the  multiplicity  of  suction  and  delivery 
valves.  These  pumps  are  largely  used  for  public  water-supply.  The 
relative  proportion  of  the  plunger  area  to  that  of  the  bucket  or  piston 
depends  to  some  extent  on  the  relation  of  the  delivery  head  to  the 
suction,  as,  within  reasonable  limits  of  uniform  water  deliver}'  on 
the  up  and  down  stroke,  the  respective  areas  of  the  plunger  and 
bucket  may  be  proportioned  to  assist  in  the  balancing  of  the  moving 
parts. 
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DatibU-acting  Pumps  both  suck  and  deliver  on  the  upward  and 
downward  stroke,  this  being  effected  by  having  duplicate  suction 
and  delivery  valves  in  communication  with  both  sides  of  the  pump 
piston.  By  this  means,  not  only  on  the  up-stroke  of  the  pump  is 
the  under  side  of  the  piston  charged  with  water  while  that  on  the 
top  side  is  being  delivered,  but  on  the  downward  stroke  of  the 
piston  the  operation  is  reversed,  water  being  sucked  in  on  the  top 
side  and  forced  up  on  the  bottom  side.  Obviously,  for  a  given 
delivery  of  water  there  is  a  considerable  reduction  in  the  size  and 
weight  of  the  pump-barrel  and  piston ;  but,  on  the  other  hand,  there 
is  the  necessity  for  two  suction  and  delivery  valves,  which  with  their 
valve-chambers  add  to  the  cost. 

For  pumps  of  considerable  size,  requiring  more  than  4  horse-power, 
a  separate  steam-engine  is  generally  attached  to  the  pump.  Smaller 
pumps  may  be  worked  from  shafting  driven  by  a  steam-engine  or 
other  motor.  The  latter  method  is  adopted,  for  instance,  in  breweries, 
dye-houses  and  chemical  w^orks  for  the  numerous  small  pumps  which 
are  required  at  various  places,  even  where  the  principal  pumping  is 
effected  by  a  special  steam-engine.  While,  however,  it  is  convenient 
to  utilise  shafting  which  is  already  established,  for  transmitting  power 
to  pumps  of  moderate  size,  it  is  seldom  expedient  to  bring  power 
more  than  50  feet  in  this  way.  Where  possible,  the  pump  should  be 
brought  nearer  to  the  motive  power,  and  where  this  is  not  possible  or 
convenient,  the  alternative  plan  should  be  considered  of  attaching  a 
steam-engine  to  the  pump  and  bringing  steam  from  a  distant  boiler, 
for  there  is  in  such  a  plan  much  less  loss  in  transmission  than  by 
shafting.  Small  self<:ontained  gas,  oil  or  hot-air  engines  are  appli- 
cable to  cases  such  as  these.  For  underground  pumping,  when  it 
is  difficult  to  place  a  primary  motor,  compressed  air  or  electric 
transmission  is  frequently  utilised. 

Beam  pumping-engines  may  be  broadly  classed  as  non-rotative 
and  rotative.  Non-rotative  pumping-engines  for  laising  water  from 
mines  have  been  almost  invariably  made  as  force  pumps,  with  solid 
plungers  or  pistons ;  but  those  for  the  supply  of  towns  have  often 
the  combined  bucket  and  plunger.  In  engines  of  this  kind,  which 
have  no  fly-wheel  to  store  up  the  energy,  the  pressure  on  the  piston 
must  be  fully  maintained  for  the  whole  of  the  stroke,  and  this  was 
obtainable  without  undue  loss  when  the  atmospheric  pressure  and 
low  steam  pressure  were  the  only  forces  available.  But  the  modem 
rotative  engine,  with  steam  pressure  of  150  lbs.  and  upwards,  and 
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which,  by  the  use  of  a  fly-wheel,  affords  a  high  grade  of  expansion, 
has  entirely  superseded  the  non-rotative  type  of  engine.  For  small 
powers  these  conditions  do  not  equally  apply,  as  is  seen  by  the 
development  of  the  steam-pump  referred  to  on  another  page.  The 
regular  and  smooth  working  of  the  beam-engine  is  considered  by 
many  engineers  to  render  it  particularly  suitable  for  continuous 
pumping  for  the  water  supply  of  towns,  the  minimum  risk  of 
stoppage  more  than  compensating  for  an  increased  first  cost.  As 
already  stated,  the  extra  expense  of  a  beam-engine  as  compared  with 
a  horizontal  engine,  lies  not  in  the  engine  itself,  but  in  the  extra 
expense  of  foundations  and  buildings.  As  an  example,  a  beam  con- 
densing engine  and  boilers,  for  pumping  60,000  gallons  of  water  jxir 
hour  to  a  height  of  300  feet,  would  cost  in  England  ;£^5ooo  to 
;;^6ooo,  or  about  jTfio  per  effective  horse-power,  and  the  foundations 
and  buildings  about  ;;£"3ooo;  while  a  horizontal  condensing-engine 
of  similar  capacity  would  cost,  with  foundations  and  buildings,  about 
one-third  less.  When,  as  is  often  the  case,  pumping-engines  are 
erected  in  duplicate  as  a  reserve  against  accidents,  the  difference 
is  of  course  increased.  The  continued  favour  in  which  the  beam 
pumping-engine  has  been  held  so  long,  is  probably  owing  to  the 
economical  working  which  has  been  obtained  with  such  engines. 
The  high  cost  in  Cornwall  of  fuel  brought  from  a  distance  stimu- 
lated all  inventions  which  economised  heat ;  and  the  introduction 
of  the  Cornish  boiler  and  improved  beam-engine  were  keenly 
appreciated ;  while  on  the  other  hand,  in  the  northern  parts  of  the 
island  the  abundance  of  cheap  coal  rendered  the  consumption  of 
fuel  a  question  of  less  importance,  and  directed  the  attention  of 
mine-owners  to  mere  saving  in  first  cost.  Therefore,  although 
beam-engines  were  formerly  used  in  the  north,  and  continue  to 
be  used  there,  they  have  not  been  worked  so  economically  as  in 
Cornwall. 

The  chief  difficulties  in  deep-mine  pumping  are  in  the  trans- 
mitting of  power  from  the  engine  on  the  surface  to  the  pump  far 
below ;  in  the  enormous  weight  of  the  column  of  water  in  the  rising 
main;  in  the  packing  of  the  stuffing-boxes  of  the  pump  plungers 
to  remain  water-tight ;  and  in  the  maintenance  and  smooth  working 
of  valves  and  valve-seats  under  the  great  pressure.  In  deep  mines 
it  has  been  customary  to  divide  the  total  operation  into  several 
lifts  of  i)racticable  dimensions.  Thus,  one  pump  is  placed  at  the 
bottom  of  the  mine  to  raise  the  water  to  a  certain  height  into  a 
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reservoir  or  "  sump,"  from  which  a  second  pump  raises  it  to  another 
reservoir,  and  so  on  till  the  surface  is  reached.  By  this  means  the 
pressure  upon  the  pipes  and  valves,  as  determined  by  the  height 
of  each  separate  rising  main,  is  kept  within  practicable  limits.  But 
the  weight  of  pump-rods  to  work  these  pumps  is  very  great,  and  in 
mines  1000  ft.  deep  and  upwards  the  suspended  pump-rods  will 
weigh  as  much  as  50  tons.  Among  the  most  important  improve- 
ments in  connection  with  deep-min«  pumps  have  been  in  the 
"  clacks,"  valves  and  valve-seats,  and  in  the  material  of  which  they 
are  made.  The  enormous  loads  under  which  the  valves  have  to 
open  and  shut  subject  them  to  severe  shocks,  and,  notwithstanding 
all  precautions,  pumping  operations  are  frequently  interrupted  by 
the  bursting  or  breaking  of  the  valves  and  valve-cases.  Various 
forms  of  double  and  treble-beat  valves  and  e^iuilibrium  valves  have 
been  invented  from  time  to  time,  which  allow  large  quantities  of 
water  to  pass  at  each  stroke  with  but  slight  lifting  of  any  one  valve, 
and  the  percussion  consequent  on  the  closing  of  the  valves  has  been 
reduced  to  a  minimum. 

In  regard  to  the  expenditure  of  force  for  producing  certain  results, 
the  service  performed  by  a  pumping  engine  is  so  very  evident  and,  as 
compared  with  most  of  the  miscellaneous  duties  performed  by  steam- 
engines,  allows  of  such  easy  measurement,  that  any.  improvements 
obtained  which  save  power  became  at  once  apparent.  The  number 
of  gallons  per  minute  and  the  height  lifted  for  a  given  expenditure 
of  fuel,  are  the  simple  factors  in  the  calculation,  or  if,  instead  of 
gallons,  pounds  of  water  be  taken,  then  by  the  customary  units  of 
foot-pounds,  the  service  obtained  by  each  horse-power  or  by  each 
pound  of  coal,  can  be  conveniently  measured.  At  the  time  when 
Watt  commenced  his  improvements,  the  atmospheric  steam-engines 
then  used  in  the  Cornish  mines  were,  at  their  best,  capable  of  raising 
70,000  lbs.  of  water  one  foot  high  for  each  pound  of  coal  consumed. 
Not  only,  however,  did  the  fuel  produce  a  result  thus  small,  if 
judged  by  modern  standards,  but  the  pumping  was  limited  to  a 
certain  depth,  because  the  engines,  with  a  pressure  only  equal  to 
that  of  the  atmosphere  against  a  vacuum,  could  not,  with  any  con- 
venient or  practicable  size  of  engine,  produce  a  power  to  overcome 
more  than  a  certain  weight  of  water  and  pump-rods.  Thus,  mining  in 
Cornwall  was  till  Watt's  time  limited  to  a  moderate  depth,  and 
minerals  below  were  all  inaccessible.  Watt's  valuable  improvements, 
by  which  the  effective  force  obtained  from  an  engine  of  given  dimen- 
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Economy  in  coal,  sions  was  increased,  also  allowed  a  great  saving  in  coal,  for  his  engines 

proved  capable  of  raising  200,000  lbs.  of  water  one  foot  high  for 
each  pound  of  coal ;  or,  if  judged  by  the  standard  of  horse-power, 
was  equal  to  a  consumption  of  9J  lbs.  per  effective  horse-power  per 
hour.  By  various  improvements  in  the  arrangements  of  boilers  and 
furnaces,  by  using  steam-engines  expansively,  and  especially  by  the 
use  of  compound  engines,  the  quantity  of  water  raised  one  foot  high, 
or,  as  usually  stated,  the  "  duty  "  of  the  engine,  was  increased  to 
about  1,000,000  lbs.  per  pound  of  coal  consumed,  or,  to  state  it 
by  the  more  familiar  measure  of  horse-power,  only  about  2  lbs. 
of  coal  of  average  English  quality  are  consumed  for  each  effective 
horse-power  per  hour,  the  exact  consumption  depending,  of  course, 
on  the  quality  of  the  coal.  But  as  steam-pressures  have  reached 
and  exceeded  150  lbs.,  even  these  results  have  been  surpassed. 
There  is  no  kind  of  purpose  to  which  the  steam-engine  is  applied 
which  allows  such  equable  results  as  are  obtained  from  the  regular 
working  of  a  large  pumping-engine. 

A  valuable  addition  to  the  methods  previously  available  for 
raising  water  has  been  made  by  the  invention  of  direct-acting  steam- 
pumps,  of  which  many  thousands  have  been  sold  yearly  in  Europe 
and  America  since  1870.  The  principle  of  these  machines  is  in 
their  direct  action,  the  pump  and  steam-cylinder  being  placed  close 
together  in  a  line  upon  one  bed-plate,  the  piston-rod  from  the  steam- 
cylinder  being  continued  into  the  pump,  and  attached  to  the  water- 
piston.  The  rudimentary  difficulty  in  such  a  pump  is  obviously  the 
maintenance — without  a  fiy-wheel  and  without  the  elaborate  apparatus 
Will  work  at  any    which  is  used  in  a  non-rotary  beam-engine — of  continuous  action. 

This  is,  however,  so  completely  effected  that  the  engine  can  be 
made  to  move  with  equal  certainty  at  one  or  one  hundred  strokes 
per  minute,  as  the  amount  of  work  may  demand.     The  proportion 

Relation  of  steam-   which  the  diameter  of  the  steam-piston   bears  to  that  of  the  water- 
piston  to  water-  ,       /•  i       i     •   i  .     .         i  •  i      i 

piston.  piston  depends  of  course  upon  the  height   to  which  the  water  is  to 

be  lifted,  i.e.  upon  the  available  pressure  on  the  one  hand,  and  on 

the  weight  to  be  overcome  on  the  other.     With  a  given  pressure 

of  steam  on  a  piston  of  given  area,  a  certain  weight  can  be  lifted, 

and  this  may  either  be  a  short  column  of  great  diameter  or  a  high 

column  of  small  diameter,  or,  in  other  words,  a  great  quantity  of 

water   for  a   short  height  or  a  small  quantity  for  a  great  height; 

and  the   size   and   power  of  a  steam-piston  may  be  made  of  any 
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reasonable  proportion  necessary  to  overcome  the  pressure  opposed 
to  it. 

Direct-acting  pumps  of  this  kind  are,  as  is  presently  described, 
not  economical  for  large  powers  where  the  consumption  of  fuel  is 
of  importance,  but  they  are  useful  for  the  numerous  purposes  of  pump- 
ing in  factories,  breweries,  chemical  works,  and  other  places  where 
the  quantity  of  water  to  be  raised  is  from  1000  to  10,000  gallons  per 
hour,  and  the  height  to  be  lifted  between  20  and  250  ft.     For  these 
purposes  pumps  of  some  size  between   3  in.  and  7    in.   diameter, 
with  steam-cylinders  of  from  3  in.  to  14  in.  diameter,  are  sufficient, 
the  stroke  ranging  from  9  in.  to  24  in.     Steam-pumps  of  these  sizes 
are,  because  of  their  simplicity  and  compactness,  very  cheap,  and 
any   combination   of  steam-cylinder    and   pump  within   the   above 
limits  can  be  purchased   (exclusive  of  boiler  and  piping)  at  some 
price  between  ^20  and  ;£^i20.     The  quantity  of  water  which  can 
be  pumped  in  a  given  time  depends  on  the  size  of  the  pump-cylinder 
and   the    number   of  strokes  per  minute;    and  manufacturers   rate 
their  pumps  accordingly.     But  the  height  to  which  the  water  can  be 
raised  depends  upon  the   pressure  in  the  steam-cylinder.     If  there 
were  no  loss  in  working,  it  is  obvious  that  the  steam-pressure  would 
only  have  to  overcome  the  weight  of  the  column  of  water.     That  is 
to  say,  in  order  to  raise  water  100  ft.  high  with  steam  of  45  lbs. 
per  sq.  inch  pressure,  it  would  suffice  if  the  steam  and  water  pistons 
were  of  the  same  area,  because   a  column  of  water   100  ft.  high 
weighs  43^  lbs.  per  square  inch,  so  that  for  each  pound  of  pressure 
the  water  would  be  raised  about  2  ft.     But  as  there  must  be  a  loss 
from  friction  and  other  causes  it  is  usual  to  assume  only  ij  ft.  of 
height  for  each  pound  of  steam  if  the  steam  and  water  pistons  are 
of  the  same  diameter,  and  on  this  basis  the  results  whicVi  cylinders 
of  different  diameters  would  afford  may  be  also  calculated.     As  an 
example,  a  pump  with  a  water-piston  and  a  steam-piston,  both  of 
4  in.  diameter,  and  an  effective  length  or  stroke  of  12  in.,  will  with 
50  strokes  per  minute  propel  3000  gallons  per  hour.     With  steam 
of  40  lbs.  pressure,  the  water  would  be  raised  to  a  height  of  60  ft., 
and  with  steam  of  80  lbs.  pressure,  120  ft.  ;  but  if  a  steam-cylinder 
and  piston  of  8  in.  diameter  (which  affords  an  area  four  times  that 
of  4  in.)  were  used,  the  same  pump,  if  maintaining  the  50  strokes 
per  minute,  would,  with  40  lbs.  of  steam,  raise  3000  gallons   240  ft. 
high.     A  pressure  of  not  less  than  70  lbs.  per  square  inch  would 
probably  afford  the  best  results ;  but  as  purchasers  are  not  always  in- 
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clined  to  work  at  such  pressure,  only  40  lbs.  is  usually  assumed  by  the 
manufacturers  in  calculating  the  size  of  pump  necessary  for  a  certain 
service.  For  situations  where  a  steam-boiler  is  not  already  available, 
and  where  one  has  to  be  obtained,  the  steam-pump  can  be  purchased 
with  a  boiler  attached  to  it,  forming  when  so  arranged  a  complete 
self-contained  pumping-machine,  the  cost,  however,  being  nearly 
treble  that  of  the  steam-pump  alone.  In  factories  where  there  is 
no  boiler  from  which  steam  can  be  obtained,  or  lines  of  running 
shafts  by  which  power  may  be  given  to  ordinary  pumps,  these  self- 
contained  steam-pumps  are  very  convenient. 

Pumps  of  this  kind  are  valuable  chiefly  for  their  compactness, 
simplicity  and  cheapness,  but  they  consume  much  fuel.  This, 
however,  in  pumps  of  moderate  size  is  generally  of  little  consequence, 
compared  with  the  advantages  afforded.  For  large  pumps  there 
must  be  some  other  advantage  to  justify  their  use.  Thus,  in  a  mine, 
not  only  do  these  machines  occupy  little  space,  but  the  steam-pipe 
does  not  interfere  with  the  free  use  of  the  mine-shaft  for  other  pur- 
poses, while  with  an  ordinary  mine-pump,  the  rods  and  other  gear 
require,  in  many  cases,  a  separate  shaft.  Again,  in  temporary 
work,  where  a  new  mine  has  to  be  explored,  and  where,  therefore, 
the  continuance  of  the  pumping  is  doubtful,  the  large  saving  in 
capital  outlay  is  of  great  importance.  Large  steam-pumps  up  to 
14  in.  diameter,  with  steam-cylinders  up  to  40  in.,  can  be  so  used, 
the  pumps  being  placed  at  the  bottom  of  the  mine-shaft,  and  forcing 
water  to  the  surface  through  one  rising  main.  As,  however,  an  ordinary 
steam-engine  utilising  steam  expansively,  and  working  pumps  by 
means  of  bell-cranks,  would  consume  only  half  the  fuel,  it  is  only 
for  such  temporary  service  or  for  exceptional  cases  that  large  steam- 
pumps  can  be  used  with  advantage.  They  are  sometimes  used 
instead  of  centrifugal  pumps  for  irrigating,  and  by  contractors  for 
clearing  railway-cuttings,  foundation-pits,  or  bridge-pier  cylinders  of 
water.  In  such  cases  they  can  be  supplied  with  steam  from  the 
boiler  of  a  portable  engine.  But  for  pumps  of  larger  capacity  and 
for  raising  water  from  deep  mines,  economy  of  fuel  becomes  a  matter 
of  the  first  consideration.  The  excessive  consumption  of  fuel  in 
ordinary  steam-pumps  is  due  to  the  circumstance  that,  as  there  is  no 
fly-wheel  to  store  up  energy,  the  pressure  on  the  steam-piston  must 
always  be  at  its  maximum  to  overcome  the  resistance  of  the  rising 
main,  for  if  the  steam  be  cut  off  before  the  end  of  the  stroke  with  a 
view  to  expansion,  the  pump  would  at  once  stop.     The  great  waste 
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involved  in  thus  letting  the  steam  exhaust  at  high  pressure  has 
greatly  restricted  the  use  of  these  pumps  for  raising  water  from  deep 
mines,  or  for  any  case  where  the  service  is  constant  and  severe. 
It  has  been  attempted  to  minimise  the  loss  by  condensing  the 
exhaust,  discharging  it  into  the  suction  of  the  pump,  but  this  is  not 
always  convenient,  and  even  when  accomplished  only  slightly  reduces 
the  loss. 

Two  modifications  of  the  simple  pump  have  .been  successfully 
introduced  to  meet  the  difficulty,  the  Worthington  and  the  Davey- 
differential.  In  the  former,  the  steam  when  it  enters  the  cylinder  is 
at  a  pressure  greater  than  is  necessary  to  propel  the  water,  and  the 
surplus  power  is  applied  to  compress  air  in  a  separate  cylinder. 
The  steam  being  cut  off  when  the  piston  has  advanced  only  a  portion 
of  its  stroke,  the  expanding  steam,  as  it  becomes  more  dilated  and 
unequal  to  the  weight  of  water  against  it,  is  reinforced  by  the  store  of 
compressed  air  which  is  released  for  the  purpose.  By  this  means 
the  average  force  of  a  varying  steam-pressure  is  made  to  contain  a 
sufficiently  constant  power,  the  compressed  air  serving  in  effect  the 
purpose  of  a  fly-wheel,  and  also  by  its  elasticity  saving  the  pumps 
from  the  shocks  and  concussions  which  often  attend  deep  pumping. 
These  pumps  have  found  their  chief  use  in  the  United  States. 

In  the  Davey-differential  pump  there  is  also  a  higher  pressure 
of  steam  at  the  beginning  of  the  stroke  than  would  be  required  for 
forcing  forward  the  pumi>-piston,  but  the  surplus  power  is  utilised  in 
propelling  the  pump-piston  at  2J  times  greater  speed,  this  difference 
in  speed  being  obtained  by  connecting  the  steam  piston-rod  to  the 
pump-rod  by  levers  suitably  proportioned.  As  the  pump-piston 
advances,  the  angle  of  the  levers  alters,  so  as  to  reduce  the  speed 
to  that  of  the  steam-piston,  and  the  diminished  force  of  the  latter 
owing  to  the  steam  having  been  cut  off,  is  sufficient  for  the  lesser 
resistance  of  the  pump-piston  due  to  its  diminished  velocity.  By 
both  the  systems  just  described,  the  great  economy  due  to  using 
steam  expansively  is  obtained  both  for  mine  and  water-supply 
pumping.  In  comparing  the  two  systems,  the  loss  and  inconvenience 
always  attending  the  compression  of  air  have  to  be  encountered  in 
the  Worthington  pump,  as  well  as  the  more  numerous  glands  and 
valves,  while  in  the  Davey  system  some  of  the  saving  is,  of  course, 
lost  by  the  friction  of  the  intermediate  levers. 

Pressure-pumps  are  those  which  have  to  overcome  some  force 
other  than  that  of  the  rising  main  or  column  of  water,  and  the  two 
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principal  applications  of  these  pumps  are  for  feeding  steam-boilers 
and  working  hydraulic  presses.  Generally  these  pumps  are  of  the 
single-acting  kind  described  on  page  615,  with  solid  plungers.  For 
supplying  steam-boilers  in  the  earlier  times,  when  low-pressure  steam 
of  from  7  lbs.  to  15  lbs.  per  inch  was  used,  no  feed-pumps  were 
necessary,  as  a  tank  was  easily  placed  at  a  height  above  the  boiler 
sufficient  to  give  a  head  or  weight  of  water  which  would  enter  the 
boiler  against  the  steam-pressure.  Now,  however,  the  pressure  to  be 
overcome  ranges  from  50  lbs.  per  inch  for  feeding  the  boiler  of  a  low- 
pres.sure  engine  to  160  lbs.  per  inch  in  a  locomotive.  Almost  all 
engines  are  provided  with  a  feed-pump  worked  by  some  part  of  the 
moving  gear,  but  sometimes  the  ordinary  feed-pump  is  supplemented 
or  superseded  by  a  donkey-pump^  or  by  a  steam-injector.  This  name 
donkey-pump  has  been  given  probably  only  because  of  the  secondary 
or  subsidiary  service  rendered,  as,  except  in  size,  there  is  nothing 
peculiar  in  the  principle  of  such  machines.  The  pumps  are  made  in 
a  variety  of  shapes  and  forms,'  as  vertical  and  horizontal  reciprocating 
engines;  and  the  direct-acting  steam-pump  just  described  is  also 
used  for  the  purpose ;  the  one  feature  aimed  at  in  them  all  being 
compactness  of  size  and  shape;  for  while,  even  in  an  ordinary 
engine-room,  space  is  often  limited,  it  is  obviously  more  confined  in 
the  engine-room  of  a  steamship,  or  on  the  side-frame  of  a  locomotive. 
A  donkey-pump  for  feeding  the  boiler  of  a  10  horse-power  engine 
will  cost  according  to  its  kind,  from  ;^2o  to  ;£"3o,  the  cost  increasing 
with  size,  so  that  for  the  boilers  of  a  100  horse-power  engine  from 
£i2i^  to  ;^ioo  is  required.  A  donkey-pump  allows  water  to  be 
supplied  to  a  boiler  without  working  the  main  engine,  which, 
especially  in  the  case  of  a  steamship  or  locomotive,  is  convenient. 
Donkey-pumps  of  moderate  size  can  be  worked  by  manual  power 
for  the  washing  of  boilers,  or  to  fill  or  feed  them  before  steam  has 
been  raised  sufficiently  high  to  perform  the  service  in  the  ordinary 
way.  For  working  hydraulic  presses,  or  hydraulic  testing-machines, 
hand-pumps  can  be  used  when  the  service  is  temporary  and  seldom 
required.  But  for  regular  work  such  pumps  are  driven  best  by 
gearing  or  belting,  or  by  a  steam-engine  or  other  motor  attached 
directly  to  the  pumps.  There  is  the  marked  difference  between 
hydraulic  pumps  and  feed  pumps  that  the  former  have  to  overcome 
great  pressures,  sometimes  exceeding  5000  lbs.  to  the  square  inch. 


The  pumps  described  in  the  preceding  pages  are  all  capable  of 
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raising  and  propelling  water  against  considerable  pressure,  including, 
as  just  stated,  what  is  known  as  hydraulic  pressure.  There  remain, 
however,  other  kinds  of  pumps  useful  for  low  lifts,  where  the  quantity 
of  water  to  be  raised  in  a  given  time  is  the  primary  object  in  view. 
The  emptying  of  temporary  excavations;  the  drainage  of  lakes, 
swamps,  or  low-lying  land,  the  irrigation  of  land,  the  rapid  emptying 
of  docks,  and  the  circulation  of  sea  water  through  the  surface-con- 
densers of  marine  engines  are  examples.  The  value  of  a  pump  for 
any  of  these  purposes  depends  in  each  case  upon  the  circumstances 
under  which  it  has  to  work,  some  pumps  being  best  adapted  for 
working  against  a  fixed  or  constant  head  of  water,  while  others  are 
the  best  suited  for  varying  lifts.  Such  machines  come  within  the 
category  of  Rotary  pumps  referred  to  on  page  626. 

For  constant  low  lifts  the  old-fashioned  Scoop-wheel  and  the 
Archimedean  screw  have  both  been  largely  used  for  drainage  and 
irrigation  purposes,  and  are  still  occasionally  applied  where  only 
animal  or  wind  pressure  is  available.  The  scoop- wheel  gives  its 
best  results  for  lifts  about  one-fourth  its  diameter  and  with  its  paddles 
just  immersed.  The  diameter  of  the  wheel  and  the  arrangement  of 
the  blades  or  scoops  should  be  such  that  on  the  suction  side  the 
blades  may  enter  the  water  without  undue  shock,  and  that  on  the 
delivery  side  the  water  shall  flow  clear  away  without  the  blades  having 
any  tendency  to  lift  it  to  a  greater  height.  Unless,  therefore,  the 
level  of  the  wheel  itself  can  be  altered — as  has  sometimes  been 
effected — it  is  obvious  that  this  type  of  pump  cannot  adapt  itself  to 
any  considerable  range  of  level  either  on  the  intake  or  delivery  side. 
For  if  on  the  intake  the  water  rises  above  the  blades,  the  wheel 
becomes  water-logged,  and  on  the  delivery  side  the  water  cannot 
clear  the  blades  if  it  rises  more  than  very  slightly  above  the  delivery 
cill. 

The  Screw-pump^  which  has  been  applied  to  the  same  purposes  as 
the  scoop-wheel,  allows  a  wider  range  of  fluctuation  on  the  intake 
without  impairing  its  efficiency,  but  the  delivery  level  is  under  the 
same  condition  as  the  scoop-wheel.  The  general  efficiency  of  the 
screw  is  higher  than  that  of  the  scoop-wheel,  but  more  costly  founda- 
tions are  necessary  for  it. 

The  Chain-pump  consists  of  a  tube  or  barrel,  round  or  rectangular 
in  section,  and  made  of  cast  or  wrought  iron,  and  an  endless  band  or 
chain,  generally  made  of  iron  links,  working  continuously  up  the  tube 
and  i)assing  round  pulleys  at  top  and  bottom.     Upon  the  band  are 
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flaps  or  buckets  which  lift  the  water.  Though  varying  in  detail, 
chain-pumps  are  of  two  principal  kinds — one,  in  which  cups  or 
buckets  are  attached  to  the  band  (as  has  been  used  from  ancient 
times  for  irrigating),  and  another  kind  where  mere  flaps  are  hinged 
to  the  band,  against  which  they  lie  flat  while  descending,  and  project 
while  ascending.  These  pumps  are  not  often  used,  but  are  con- 
venient sometimes  for  pumping  dirty  water  in  excavating  operations,  or 
in  brick  fields,  as  they  will  not  choke  readily.  The  working  barrels 
and  chains  are  made  in  about  lo-ft.  lengths,  and  can,  therefore,  by  the 
addition  or  subtraction  of  a  length,  be  adjusted  to  suit  an  altering 
depth  during  excavation.  They  are  generally  driven  by  a  belt  from 
a  portable  steam-engine,  but  sometimes,  especially  for  irrigating,  by 
oxen  or  horses. 

For  moderate  lifts  under  varying  circumstances  the  Centrifugal 
pump  adapts  itself  automatically  to  changes  of  level  better  than  any 
other  kind  of  water-lifting  machine.  It  consists  of  a  fan  revolving 
usually  on  a  horizontal  spindle  at  a  high  speed  within  a  case,  in 
which,  when  charged  with  water,  a  vacuum  is  created  on  the  intake 
side  and  a  velocity  imparted  to  the  water  sufficient  to  deliver  it 
against  the  desired  head.  Different  makers  claim  advantages  for 
different  forms  of  fan  and  case,  but  the  principle  on  which  they  work 
is  mainly  the  same.  At  the  first  introduction  of  these  pumps,  about 
the  year  1850,  the  blades  were  made  straight,  but  a  closer  investiga- 
tion aided  by  practical  experience  in  their  operation  has  resulted  in 
the  adoption  of  curved  blades,  bent  backwards  as  regards  the  direc- 
tion of  revolution.  The  case  is  made  so  as  to  allow  of  easy  access 
to  the  fan,  and  the  suction  and  delivery  pipes,  which  may  be  either 
horizontal  or  vertical,  are  easily  attached  or  removed. 

Although,  for  a  definite  constant  lift,  other  forms  of  pump  may 
give  a  higher  efficiency,  they  do  not  lend  themselves  to  varying  lifts 
so  automatically.  As  an  example,  if  a  centrifugal  pump  be  required 
to  deliver  water  into  a  tidal  estuary  with  a  minimum  lift  of  2  ft.  and 
a  maximum  of  25  ft. — a  not  uncommon  condition — the  mean  lift  is 
first  ascertained  and  the  pump  speeded  to  suit  it,  the  necessary  power 
being  provided  for  a  given  delivery  of  water  per  minute.  As  the 
power  remains  constant,  the  speed  of  the  pump  will  adjust  itself  to 
the  varying  head  of  water,  that  is,  to  say,  increasing  as  the  height 
of  lift  becomes  less,  and  diminishing  as  the  resistance  due  to  a  higher 
lift  increases.  Their  adaptability  to  varying  conditions  has  led  to 
the  .substitution  of  the  centrifugal  pump  for  the  chain-pump,  for  con- 
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Power  and  cost. 


Portable  pumps. 


tractors'  work  in  clearing  excavations  of  water ;  but  while  muddy    Examples  of  use 

water  may  be  lifted  without  damaging  the  blades  of  a  centrifugal 

pump,  the  chain-pump  can  more  safely  be  applied  where  gravel, 

stones  or  other  solid  matters  are  met  with.     As  anothei  example, 

a  small  pump  with  a  6-in.  delivery  pipe,  costing,  inclusive  of  piping, 

about  ;£"30,  will  raise  500  gallons  of  water  per  minute  to  any  height 

up  to  70  ft.,  and  will  require  \  horse-power  for  each  foot  of  lift.     A 

pump  with  a  6-in.  delivery  pipe,  costing,  exclusive  of  piping,  about 

;^i2o,  will  lift  3000  gallons  per  minute,  requiring  one  horse-power 

for  each  foot  of  lift.     Pumps  of  the  above  sizes  are  generally  driven 

by  a  belt  from  the  fly-wheel  or  pulley  of  a  steam-engine.     Portable 

engines  are  often  used,  and  in  some  cases,  as  for  irrigation,  the  engine 

and  pump  are  permanently  arranged  together  for  this  purpose  only. 

Where  centrifugal  pumps  are  employed  for  temporary  service,  and 

have  to  be  moved  from  place  to  place,  they  are  attached  to  a  light 

carriage  on  two  or  four  wheels. 

Large  pumps  are  made  for  special  purposes,  ranging  in  size  from 
those  with  pipes  18  in.  diameter,  costing  about  ;;f  200,  and  capable 
of  raising  5000  gallons  per  minute,  requiring  about  2  horse-power  per 
foot  of  lift,  to  those  with  pipes  48  in.  diameter,  costing  about  ^1000, 
and  capable  of  raising  30,000  gallons  per  minute,  requiring  about 
1 2  horse-power  per  foot  of  lift.  Large  pumps  for  permanent  drain- 
age, working  with  a  constant  or  slightly  varying  head  of  water,  are 
sometimes  arranged  with  a  vertical  spindle  and  horizontal  fan  and 
so  fixed  in  the  bottom  of  a  well.  The  fan  being  always  submerged,  the 
pump  is  easily  started,  and  for  low  lifts  this  is  a  cheap  and  convenient 
arrangement  for  raising  large  volumes  of  water. 

Where  pumps  of  considerable  size  have  to  be  fixed  in  a  limited 
space,  as  sometimes  occurs  in  connection  with  a  tidal  dock,  or  for 
circulating  sea-water  through  the  surface-condensers  of  an  ocean 
steamship,  the  pump  and  its  motor  are  combined  as  one  machine, 
the  shaft  of  a  direct-acting  high-speed  engine  being  extended  as  the 
pump  spindle. 


LariKe  centrifugal 
pumps. 


Pumps  with 
horixontal  fans. 


Pump  and  engine 
combined. 


All  the  pumps  that  have  been  described  in  the  preceding  pages 
have  some  moving  mechanism  through  which  the  power  is  applied 
to  the  water ;  but  there  are  other  kinds  of  apparatus  by  which  water 
is  raised  without  any  moving  engine.  Thus,  in  the  Liquid-injector 
and  Sand-pump  liquid  is  raised  by  the  direct  application  of  com- 
pressed air,  and  in  a  diving-bell  or  caisson. the  water  is  driven  out  in 

2  s   2 
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a  similar  way.  Steam  may  be  also  applied  to  the  raising  of  water  by 
direct  contact.  The  Pulsometer-pump  is  an  ingenious  application  of 
an  old  principle.  In  this  machine  there  are  two  chambers  fitted 
with  delivery  and  suction  valves,  and  the  steam  being  admitted  to 
one  of  them  forces  up  the  water  which  is  within  it.  The  steam  be- 
coming condensed  forms  a  vacuum,  into  which  the  water  from  below 
ascends  while  the  upward  forcing  process  is  being  performed  in  the 
,^3  second  chamber,  and  thus  by  a  succession  of  automatic  pulsations  the 

Pulsometer-pump.  pumping  continues.      As  these  pulsometer-pumps  can  be  suspended 

by  a  chain,  and  can  be  easily  connected  by  flexible  hose-pipe  both 

Sxmmpies.         for  steam-supply  and  water,  they  are  useful  where  ordinary  pumps 

have  been  stopped  by  being  submerged,  as  well  as  for  other  temporary 

Cost  and  capacity,  purposcs.     The  prices  range  from  about  £^i  2  for  a  small  pulsometer 

capable  of  raising  10  gallons  of  water  per  minute,  to  about  ;^5o  for 
One  raising  about  150  gallons;  and  so  on  to  about  ;^2 00  for  one 
raising  1000  gallons  per  minute,  these  prices  being  exclusive  of  boiler 
and  piping.  As  these  pumps  depend  upon  a  vacuum,  they  cannot 
lift  more  than  about  25  ft. ;  but,  according  to  the  steam-pressure  at 
command,  they  will  force  to  a  maximum  height  of  about  80  ft  They 
have  also  the  advantage  of  pumping  thick  or  dirty  water  without 
choking.  Machines  worked  on  this  principle,  though  very  convenient 
in  some  cases,  are  not  to  be  compared  with  more  usual  kinds  of 
pumps  under  ordinary  circumstances,  as  they  consume  much  more 
steam  in  proportion  to  the  work  done,  and  cannot  be  conveniently 
applied  for  any  but  moderate  lifts. 

The  Steam-injector y  which  was  introduced  about  the  year  1855, 
adapts  and  applies  certain  natural  laws  by  which  a  jet  of  steam  con- 
centrated in  a  peculiar  way  will  draw  up  the  water  from  a  reservoir, 
and  force  it  into  a  boiler  against  the  steam-pressure  there.  Injectors 
find  their  chief  application  in  locomotives  and  those  other  engines 
where  space  is  very  limited,  but  in  many  cases  engineers,  even  if  an 
injector  be  supplied,  prefer  to  have  in  reserve  an  ordinary  feed-pump. 
Many  modifications  and  improvements  have  been  made  in  the  steam- 
injector  since  its  introduction,  and  the  cost  has  been  much  reduced, 
so  that  an  injector  suitable  for  supplying  the  boiler  of  a  100  horse- 
power engine,  or  that  of  a  full-sized  locomotive,  costs  only  from  j[,io 
to  ;^i5,  and  the  price  diminishes  to  J[^^  for  boilers  of  10  horse- 
power. 

Machines  somewhat  similar  in  kind  to  the  injector,  but  known  as 
Elevators^  are  used  for  lifting  water  to  a  moderate  height  where  there 


Conaume  much 
fuel. 
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is  no  other  resisting  pressure.  Such  machines  find  their  principal 
use  on  locomotives  and  traction-engines  which  have  to  carry  a 
store  of  water  with  them,  but  which  have  not  always  access  to  an 
elevated  tank  or  water-crane.  By  merely  lowering  a  flexible  hose- 
pipe into  a  stream  or  well,  and  admitting  steam  to  the  apparatus, 
water  may  be  drawn  up  as  much  as  25  ft.,  according  to  the  steam- 
pressure  at  command. 


The  various  kinds  of  pumps  or  water-raising  machines  described 
in  the  preceding  pages  will,  with  the  modifications  necessary  to 
piarticular  cases,  satisfy  all  the  conditions  necessary  in  pumping. 
The  proper  type  of  pump  for  the  work  has  first  to  be  selected,  and 
then  the  method  of  driving  the  pump  has  to  be  considered.  Success 
or  failure  may  depend  on  the  correct  solution  of  these  points. 

To  enable  an  engineer  to  decide  upon  the  kind  of  pump  most  suit- 
able for  a  particular  purpose,  and  upon  the  size  and  power  for  attain- 
ing certain  results,  the  following  information  is  necessary ;  and  although 
many  of  the  points  to  which  attention  is  directed  may  appear  self- 
evident,  those  engineers  and  manufacturers  who  have  to  supply 
machinery  for  foreign  countries  know  how  frequently  the  most  rudi- 
mentary but  necessary  particulars  are  omitted  from  the  instructions 
furnished  to  them.  The  particulars  already  enumerated  for  steam- 
engines  should  be  read  in  conjunction. 

1.  The  Power  or  capacity  required  in  a  pump  depends  upon  two 
main  points :  the  number  of  gallons  to  be  pumped  per  minute,  and 
the  height  to  which  the  water  is  to  be  raised.  These  factors  multi- 
plied together  tell  the  aggregate  number  of  foot-pounds  to  be  over- 
come. Thus  the  same  horse-power  is  required  to  raise  1000  gallons 
100  ft.  high  in  a  minute  as  2000  gallons  50  ft.  high,  though  for  the 
former  the  pump  must  have  parts  stronger  to  resist  the  higher 
column  of  water,  and  for  the  latter  the  pump  must  be  double  the 
size ;  but  although  this  is  obvious  to  engineers,  the  height  to  be 
lifted  is  not  unfrequently  omitted  by  would-be  purchasers  of  pumps 
as  a  i)oint  of  little  importance,  although  not  only  the  power  or 
capacity  but  the  kind  of  pump  depends  upon  it. 

2.  The  Position  of  the  pump  in  regard  to  the  source  of  supply  and 
the  place  of  deliver}'.  The  pump  is  in  some  cases  placed  at  the  level 
of  the  source,  in  others  at  the  level  of  the  delivery,  and  in  others 
between  the  two.  An  engine  on  the  border  of  a  lake,  pumping  water 
to  a  reservoir  on  a  hill ;  or  a  pump  at  the  bottom  ol  a  mine,  raising 
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water  to  the  surface,  are  examples  of  the  first  kind.  An  ordinary 
domestic  pump,  raising  water  from  a  well ;  or  a  pumping  engine  on 
the  ground-level  raising  water  from  a  mine,  are  the  examples  of  the 
second  kind.  A  pump  on  the  ground-level,  drawing  water  from  a 
well,  and  forcing  it  to  a  reservoir  on  a  hill,  is  an  example  of  the 
third  kind.  When  pumps  are  to  be  fixed  in  a  deep  well  or  mine, 
the  engineer,  besides  being  informed  of  the  total  depth  of  the  shaft 
and  its  diameter,  should  be  made  acquainted  with  the  normal  water- 
level,  namely,  that  at  which  the  water  stands  below  the  surface,  as 
also  the  depth  to  which  it  may  be  lowered  by  pumping,  as  this  may 
materially  affect  the  arrangement  of  the  pump  and  its  accessibility 
for  repairs.  The  relative  level  of  the  water  to  be  lifted  and  of  the 
engine-house  floor  or  ground-level  are  also  important  circumstances 
in  the  design  of  pumping-machinery.  The  horizontal  distance  the 
water  will  have  to  travel  is  also  a  circumstance  which  should  be 
communicated  to  those  concerned;  and  if  the  pipes  are  already 
made  or  decided  upon,  their  diameter  should  be  stated,  because  by 
the  length  of  the  pipes  and  their  diameter  will  the  friction  to  be 
overcome  be  determined.  This  is  very  important,  as  sometimes  the 
friction  requires  greater  power  to  overcome  it  than  is  needed  for  the 
lifting  of  the  water.  The  above  particulars  may  be  conveniently 
given  on  a  plan  and  section  of  the  site  and  place  of  delivery,  showing 
the  various  levels. 

3.  The  Purpose  for  which  the  pumping  is  required — for  instance* 
whether  a  pump  is  for  irrigation  or  drainage ;  or,  if  for  some  manu- 
facturing process,  the  nature  of  it,  as  brewing  or  dyeing ;  or,  if  for 
water-supply,  the  general  conditions  which  have  to  be  fulfilled ;  and 
in  any  case  it  should  be  stated  whether  the  service  is  to  be  per- 
manent or  temporary,  whether  intermittent  or  regular.  It  is  these 
latter  circumstances  which  generally  determine  whether  cheapness  in 
first  cost  or  economy  in  working  and  long  endurance  are  to  guide  the 
choice. 

4.  The  Kind  of  water  to  be  raised — whether  clean  or  dirty,  fresh 
or  salt,  hard  or  soft,  hot  or  cold,  whether  it  contains  acids  or  strong 
chemicals ;  all  these  circumstances  having  weight  in  determining  the 
form  and  material  of  the  par^p  with  which  the  water  will  come  in 
contact.  Tar-pumps,  soap-pumps,  and  pumps  for  strong  acids  or 
alkalis  are  made. 

5.  The  Space  available  for  the  pump,  for  the  motive-power,  and 
for  the  suction  and  delivery-pipes.     Pumps  have  often  to  be  fixed  in 
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inconvenient  places,  as  in  mines  or  tunnels  or  wells,  and  the  choice 
of  apparatus  may  have  to  be  guided  or  modified  by  some  secondary 
circumstance  of  this  kind,  instead  of  by  those  which  are  connected 
with  the  primary  purpose  of  pumping.  If  a  well  is  made  or  decided 
on,  the  nature  of  the  lining — ^brickwork,  masonry  or  iron  cylinders — 
should  be  described. 

6.  The  Motive-power  which  is  available  or  which  is  to  be  supplied. 
If  the  power  is  already  provided,  it  should  be  described  as  well  as  the 
means  proposed  or  suggested  for  connecting  it  to  the  pumps ;  and  if 
the  motor  be  not  contiguous,  the  means  available  for  transmitting 
power  to  the  pumps.  If  a  motor  is  to  be  supplied,  then  the  kind  of 
force  available  should  be  described.  If  steam  from  existing  boilers, 
then  the  pressure  and  capacity ;  if  new  boilers  are  needed,  the  kind 
of  fuel  available ;  if  wind  power,  its  extent  and  direction.  As  wind 
force  is  intermittent  as  a  source  of  power,  it  is  generally  necessary 
to  provide  for  considerable  storage  of  the  water  raised.  If  water 
power  is  to  be  utilised,  precise  particulars  should  be  given  as  to  the 
quantity  of  water  available  for  working  the  motor  and  the  amount 
of  fall,  as  also  whether  the  head  or  tail  water  are  liable  to  flooding. 
For  low  £alls  one  of  the  various  forms  of  water-wheels  may  be  used 
with  advantage.  For  high  falls  or  in  streams  liable  to  flooding,  a 
turbine  should  be  used.  If  manual  force,  the  strength  as  compared 
with  English  workmen  or  some  other  standard ;  if  by  oxen  or  horses, 
their  kind  and  capacity ;  if  by  shafting,  its  position,  diameter  and 
speed.  Speaking  generally,  where  the  work  to  be  done  is  of  a 
temporary  character,  high  working  expenses  may  not  outweigh  the 
gain  of  a  low  first  cost,  and  considerable  skill  may  be  exercised  in 
adapting  machinery  already  available.  But  where  the  pumping  is  to 
be  permanent  then  the  machinery  selected  should  be  of  the  highest 
efficiency,  due  regard  being  given  to  its  simplicity  and  the  facility  it 
affords  for  repairs. 

7.  If  Buildings  or  settings  of  brickwork  or  masonry  are  needed, 
the  nature  of  the  soil  for  foundations,  and  the  kind  of  building 
materials  which  are  obtainable  and  appropriate,  should  be  described. 


Lining  of  wellsi 
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Among  the  numerous  and  various  purposes  for  which  pumping- 
engines  of  special  kinds  are  required,  Fire-extimtion  has  an  impor- 
tant place,  and  invention  has  been  stimulated  from  time  to  time  by 
the  occurence  of  some  great  disaster  which  might  have  been  pre- 
vented or  mitigated  by  a  prompt  sui)ply  of  water.     The  apparatus 


Fire-extinction. 


632 


MathesotiS  Aid  Book.  [Chap.  XXII. 


Depends  on 
water  supply. 

See  pagt  193. 


See  page  300. 


Main  pressure 
seldom  sufficient. 


For  fire  jet. 
See  als0 page  voo»' 


most  suitable  must  obviously  depend  upon  local  circumstances,  of 
which  the  principal  one  is  the  nature  of  the  water-supply.  The  ten- 
dency of  municipal  bodies  to  construct  or  purchase  water-works  rather 
than  leave  them  to  private  enterprise,  arises  almost  as  much  from  this 
cause  as  from  those  connected  with  the  supply  of  water  for  general 
purposes ;  and  even  where,  as  formerly,  a  monopoly  or  concession  is 
granted  to  private  persons  or  joint-stock  companies,  the  sufficiency 
and  suitability  of  the  supply  for  fire-extinction  are  among  the  prin- 
cipal conditions  imp>osed. 

The  actual  quantity  of  water  abstracted  from  the  public  mains  for 
fire-extinction  bears  so  small  a  proportion  to  that  taken  for  general 
purposes  (in  London  :^\js  part  suffices)  as  to  need  no  consideration 
in  the  calculation  of  the  total  supply ;  but  it  is  obviously  important 
that  the  water  shall  always  be  available  in  sufficient  quantity  at  any 
one  time  or  place.  As  one  means  to  this  end,  there  should  be  such 
pressure  as  will  cause  the  water  to  fill  the  main  pipes  at  all  points  in 
their  course,  and  to  rise  in  a  hydrant  to,  at  any  rate,  such  a  height 
above  the  street  level  as  will  supply  the  tank  or  suction-hose  of  a 
fire-engine  ;  this  being  generally  assured  by  the  more  stringent  condi- 
tion that  the  water — for  domestic  purposes — shall  rise  to  the  top  of 
the  highest  houses.  By  the  modern  system  of  w^ater-supply  in  towns 
such  a  pressure  is  provided,  but  it  is  much  below  what  is  necessary, 
without  the  aid  of  an  engine,  for  fire-extinction.  Water  in  pipes 
flows  to  the  level  of  the  reservoir  or  source  from  whence  it  is  sup- 
plied;  but  though  in  this  way  water  from  a  reservoir  loo  ft.  high 
will,  if  unrestrained  in  its  course,  rise  in  time  to  the  top  of  a  house 
of  similar  height,  it  will,  if  discharged  by  means  of  a  nozzle  on  the 
main  as  a  jet  into  the  air,  require  a  head  of  water  of  i8o  ft.  to  enable 
it,  under  the  most  favourable  circumstances,  to  rise  loo  ft.,  or,  in 
other  words,  the  pressure  necessary  to  force  water  in  the  air  loo  ft. 
is  nearly  double  that  which  would  take  it  the  same  height  through  a 
pipe.  For  lesser  heights  the  proportion  is  diminished,  a  40-ft.  head 
of  water  sufficing  to  force  a  jet  about  30  ft.  into  the  air.  But  where 
the  pipes  are  also  used  for  general  purposes,  even  this  theoretical  pro- 
portion of  jets  to  head  or  pressure  is  generally  unattainable,  because 
the  continued  abstraction  of  water  reduces  the  effective  force  or 
impetuous  rising  power  necessary  for  a  jet.  Moreover,  the  pressure 
of  the  water  is  further  diminished  by  the  friction  during  its  passage 
through  the  mains  and  afterwards  through  the  hose  which  conducts 
ii  from  the  main  10  the  ejcciion-nozzic,  for  the  pressures  just  stated 
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are  those  necessary  at  the  actual  orifice  of  ejection.     Approximately, 

one  foot  of  head,  or  nearly  i  lb.  per  square  inch  of  pressure,  is  required       Amount  of 

/•••^  --,  ,  1,  preBSure  required. 

to  overcome  the  friction  of  every  4  ft.  of  hose  when  150  gallons 
per  minute  are  being  forced ;  and  if,  besides  horizontal  distance,  the 
hose  be  raised,  the  vertical  distance  of  course  consumes  part  of  the 
head  or  force  of  water,  and  diminishes  that  available  at  the  nozzle. 
The  public  water-supply  mains  in  many  towns,  as  at  Manchester  and 
Liverpool,  are  supplied  from  reservoirs  high  enough  for  fire-extinc- 
tion, and  the  advantage  thus  gained  has  been  considerable.  Where 
the  ordinary  public  mains  are  not  so  available  some  engineers 
recommend  a  separate  service  of  water  for  fire-extinction  only  :  while    Separate  water 

^  ^  '  service. 

by  others  it  is  proposed  to  use  the  same  pipes  for  the  supply  of  seepage  20a. 
potable  water  to  houses,  leaving  the  water  for  street-watering,  manu- 
facturing and  ordinary  domestic  purposes  to  a  separate  service. 
If  a  constant  high  pressure  in  the  fire-mains  could  be  thus  assured,  it 
would  only  then  be  necessary  to  place  hydrants  numerous  enough  to  street  hydranti. 
ensure  one  being  always  so  near  to  a  fire  as  to  render  long  lengths 
of  hose  unnecessary.  The  plan  of  numerous  street  hydrants  has  been 
adopted  in  the  City  of  London,  but  only  at  the  low  pressure  afforded 
by  the  New  River  water  company,  so  that  while  it  affords  a  ready 
supply  to  extinguish  a  fire  speedily,  yet  except  for  small  conflagrations 
it  is  only  an  adjunct  to  the  fire-engine.  The  conditions  necessary 
for  fire-jets  direct  from  the  main  are  found  or  adopted  so  rarely  that 
there  are  very  few  towns  where  fire-engines  can  be  dispensed  with, 
even  where  the  reservoirs  are  at  so  great  a  height  as  400  ft.  Where 
hydraulic  power  mains  are  laid  in  the  streets,  as  in  London  and  Hydraulic  mains, 
as  in  docks  and  railway  stations,  the  pressure,  though  too  great  to  be  s^^^sf^  298  dr*  493. 
used  directly  through  flexible  hose-pipes,  may  be  applied  with  great 
advantage  for  intensifying  the  force  of  the  low-pressure  water  in  the 
ordinary  town  mains,  any  mean  between  the  two  pressures  being 
obtainable  by  "hydrant  injectors"  arranged  for  the  purpose..  In 
^.ondon  these  have  been  so  provided  at  the  National  Gallerj'  and 
other  important  buildings,  but  they  have  not  been  widely  adopted 
owing  to  the  restrictions  of  the  water-supply  companies  who  control 
the  low-pressure  water. 

The  effectiveness  of  a  jet  depends  a  good  deal  on  the  form  and 
size  of  ejection-nozzle.  It  is  necessary  to  concentrate  the  force  of 
the  water  at  an  orifice  of  small  diameter,  in  order  to  obtain  impetus 
for  a  high  jet.  Even  where  the  water  is  wanted  at  low  level  or  for 
a  horizontal  discharge,  such  an   impetuous  jet  has  more  effect  than  Ejection-nosxies. 
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the  same  amount  of  water  merely  poured  or  sprinkled  on  the  fire. 
The  orifice,  or  nozzle,  is  generally  of  some  diameter  between  \  in.  and 
I  in.  for  manual-engines,  and  between  i  in.  and  2  in.  for  steam-engines. 
The  larger  sizes  allow  the  greatest  amount  of  water  to  pass,  but  a 
much  stronger  pressure  is  necessary  to  force  the  jet  to  the  same 
Noxxies  varied,    height  as  is  possible  with  a  nozzle  of  smaller  diameter.     But  if  a  very 

high  jet  be  required,  then  a  larger  nozzle  is  essential,  demanding 
an  abundant  supply  of  water  at  great  pressure,  because  small  jets — 
whatever  the  pressure — are  dissipated  into  spray  at  a  less  height 
than  would  a  thicker  column  of  water  with  the  same  proportionate 
force  behind  it.  Even  in  still  air  no  pressure  would  send  a  jet  ^V  ^"• 
diameter  more  than  a  few  feet  from  the  ground,  while  from  a  nozzle 
of  I  in.  a  jet  100  ft  high  could  be  discharged.  It  is  often  necessary 
during  a  fire  to  change  the  nozzle  in  order  to  vary  the  height  of  jet. 

Fire-engines  are  made  of  sizes  rising  by  numerous  gradations 
from  the  small  hand-pump  to  the  powerful  modem  steamer.  As  an 
immediate  though  small  supply  of  water  is  far  more  useful  in  ex- 
tinguishing a  fire  than  a  great  supply  after  the  fire  is  advanced,  the 
smaller  pumps  are  extremely  useful,  especially  in  places  remote  from 
public  fire-engines.  Portable  pumps  of  this  sort,  resembling  those  for 
watering  gardens,  cost  from  jQt^  to  jQl^  according  to  their  capacity, 
which  ranges  from  5  to  1 2  gallons  per  minute  to  a  height  of  30  ft. 

For  municipal  or  public  purposes  fire-engines  on  wheel  carriages 
are  of  course  necessary;  and  suqh  engines  are  made  of  various  sizes, 
bi4t  there  is  not  much  variety  in  the  types  which  in  England  have 
been  found  to  be  best,  although  there  are  variations  in  the  patterns 
and  details  of  different  manufacturers.  The  body  and  wheels  are 
made  of  wood,  painted  and  varnished,  but  for  hot  climates  every 
part  is  generally  made  of  metal.  Engines  on  two-wheeled  carriages, 
small  enough  to  be  drawn  by  hand,  and  capable  of  forcing  from  50  to 
80  gallons  per  minute  to  a  height  of  from  50  to  100  ft.,  cost  from 
;£'4o  to  ;^8o.  The  exact  quantity  of  water  and  height  of  jet  depend 
on  the  number  of  men  at  the  pumps,  handles  for  accommodating 
from  six  to  fifteen  men  being  generally  provided.  Curricle  fire- 
engines,  as  these  are  called,  may  be  advantageously  fitted  with  shafts 
for  one  horse,  and  they  can  then  be  increased  in  size,  so  as  to  accom- 
modate 20  men  at  the  pump-handles,  a  force  great  enough  to  eject 
100  gallons  per  minute  100  ft.  high — the  price  ranging  from  j[/io  to 
;^ioo.  Even  in  towns  or  at  fire-stations  where  powerful  engines  are 
c  e  engines,  ^y^jij^j^jg^  these  small  light  engines  are  very  useful  for  putting  out 
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small  fires,  and,  if  quickly  despatched  and  set  to  work,  will  often 
render  the  larger  engines  unnecessary.  The  employment  of  these 
engines  for  small  conflagrations  leaves  the  large  engine  available  at 
the  station  for  more  serious  fires. 

The  pumps  and  other  apparatus  of  a  fire-engine  of  any  but  the 
smallest  size  are  best  accommodated  on  a  four-wheeled  carriage,  and 
this  arrangement  is  most  generally  adopted  for  municipal  stations. 
The  pumps  are  provided  with  folding  handles,  which  when  extended 
for  use  can  receive  and  utilise  the  force  of  numerous  men.  The 
smaller  of  such  engines,  costing  about  ^70,  will,  with  from  8  to  10 
men,  force  about  50  gallons  80  ft.  high  per  minute.  The  larger  sizes, 
costing  about  ^200,  such  as  are  used  by  the  London  Fire  Brigade, 
will,  with  40  to  50  men  at  the  pump-handles,  force  200  gallons  150  ft. 
high  per  minute,  but  this  height  is  seldom  obtained,  as  much  of  the 
force  is  lost  by  friction,  according  to  the  length  of  hose  between  the 
pumps  and  the  nozzle. 

By  means  of  steam  fire-engines,  a  pumping  power  is  concentrated 
in  one  engine  equal  to  that  of  numerous  manual  engines ;  a  large 
quantity  of  water  may  be  discharged  so  speedily  as  in  many  cases  to 
overpower  a  fire  too  great  for  a  manual  engine ;  while,  if  the  fire  be 
prolonged,  and  continuous  pumping  be  required,  the  steam-engine  is 
not  only  more  serviceable  but  involves  a  fraction  only  of  the  cost  of 
manual  pumping.  Five  men  may  be  reckoned  as  equal  to  one  horse- 
power, and,  to  equal  the  effect  produced  by  the  consumption  of  one 
ton  of  coal  in  a  steam  fire-engine,  a  concentration  of  manual  engines 
would  be  required  involving  an  expenditure  for  labour  (reckoning  \s. 
per  hour  per  man)  of  ^20  or  more. 

In  regard  to  power,  steam  fire-engines  will,  according  to  their  size, 
discharge  from  300  to  1500  gallons  of  water  per  minute  to  a  height 
of  from  100  to  200  ft. ;  and  as  the  maximum  height  of  jet  is  seldom 
required,  the  force  is  usefully  exerted  to  overcome  the  friction  of 
great  lengths  of  hose  and  to  supply  numerous  jets.  The  hose-friction, 
which  has  been  already  referred  to,  renders  it  almost  essential,  when 
manual  engines  are  employed,  that  the  water  supply  shall  be  near 
the  fire.  But  a  steam-engine  will  work  effectually  as  far  as  800  yards 
from  a  fire.  In  towns  or  districts  where  numerous  and  suitable 
hydrants  are  not  available,  the  power  of  the  steam-engine  in  this 
respect  is  of  great  service,  as  the  supply  may  be  taken  from  a  river, 
pond  or  reservoir,  at  even  half  a  mile  distance.  As  it  is  convenient 
to  use  ordinary  hose  of  moderate  diameter,  two  to  four  lines  of  hose, 
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each  terminating  in  a  jet  or  nozzle,  are  necessary  to  utilise  the  force 

of  one  engine.     If  the  force  of  the  engine  has  to  be  concentrated  on 

See  HosK, /flfT  637.  one  jet,  the  hose  and  jet  must  be  of  large  diameter. or  the  hose  will 

burst. 

In  the  construction  of  steam  fire-engines,  the  essential  conditions 
are  that,  with  a  prescribed  weight,  which  must  be  moderate  to  allow 
See  VrcNBTTB,     of  easy  draught,  there  shall  be  the  maximum  power,  and  so  applied 
'  «3«         ^y  suitable  pumps  as  to  give  out,  as  measured  in  quantity  and  height 
of  jet,  a  weight  of  water  equivalent  as  near  as  may  be  to  the  horse- 
Qualities  needed  power.     The  machine  employed  should  be  capable  of  working  con- 
re-engine.     (jj^yQugiy  f^j.  many  hours  without  undue  heating  or  friction,  and  the 

working  parts  simple  enough  to  avoid  the  risk  of  derangement,  even 
under  rough  usage.  The  furnace  and  boiler  should  be  so  constructed 
as  to  allow  steam  to  be  generated  very  quickly,  and  a  full  working 
pressure  to  be  maintained  without  undue  exertion  to  the  engine. 

Quicic  in  raising  In  raising  Steam  from  cold  water,  three-fourths  of  the  time  is  oc- 
seepage  ^77.  cupied  in  bringing  the  water  to  the  boiling  point ;  and  to  save  time,  it 
is  usual  at  public  fire  stations,  while  the  engine  is  not  at  work,  to  keep 
the  water  in  the  boiler  always  hot  by  having  a  jet  of  gas  constantly 
alight  in  the  furnace.  When  the  engine  is  called  on  duty,  the  gas- 
jet  is  removed,  the  wood  and  coal  lighted,  and  the  steam  is  raised  to 
a  working  pressure  of  about  loo  lbs.  per  inch  in  five  minutes,  or  by 
the  time  the  engine  reaches  the  fire.  But  even  from  cold  water  this 
pressure  can  be  attained  in  about  fourteen  minutes,  and  seldom  in  a 
less  time,  if  the  boiler  have  sufficient  water  in  it. 

Weight  and  cost  Steam  fire-engines,  as  made  in  England,  are  kept  as  light  as  pos- 
sible by  the  use  of  steel  and  high-class  iron,  and,  being  mounted  with 
springs  on  a  four-wheel  carriage,  can  be  drawn  rapidly  by  two  horses. 
The  smaller  sizes,  costing  about  ;£^4oo  each,  weigh  about  \\  tons, 
and  the  largest  size,  costing  ;^i5oo,  about  3  tons.  When  packed  for 
shipment,  the  measurement  tonnage  is  about  rvs^  times  the  weight 
tonnage,  the  packing  adding  2  to  3  per  cent,  to  the  price.  An  addi- 
tional expense  of  ^50  and  upwards  is  necessary  for  suction-pi j)e  and 
hose,  according  to  the  length  required.  In  addition  to  the  various 
Equipment.  accessories  necessar}''  to  the  working  of  the  fire-engine,  and  which 
are  included  in  the  prices  which  have  been  here  stated,  there  are 
numerous  other  articles  of  equipment,  such  as  hose-pipe,  ladders, 
tools  and  buckets.  About  12  ft.  of  suction-pipe  is  included  in  the 
ordinary  equipment  of  the  engine,  but  the  flexible  delivery-hose  has 
to  be  purchased  separately. 
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Up  till  about  1880,  riveted  leather  hose  was  alone  deemed  strong 
and  durable  enough  for  the  rough  usage  of  fire-extinction,  but  such 
hose  is  not  only  costly  to  purchase,  but  is  heavy  to  carry  and  liable 
to  rapid  deterioration  unless  continually  laid  out  for  ventilation  and 
regularly  served  over  with  suitable  dressing.  Improved  canvas  hose, 
lined  with  rubber,  is  now  used  in  London  and  other  large  cities. 
It  is  made  2  J  in.  diameter,  and  a  much  greater  length  can  be  carried 
on  the  engine  or  hose-reel  than  was  possible  with  the  2  J  in.  leather 
hose.  Canvas  rubber-lined  hose  is  made  in  so-ft.  and  100-ft.  lengths, 
and  costs  about  ax.  per  foot.  The  leather  hose  is,  however,  deemed 
preferable  for  use  next  to  the  engine.  It  is  made  in  4G-ft.  lengths, 
costing  from  £/)  to  £^^  per  40  ft. 

A  certain  amount  of  delivery-hose  is  generally  carried  on  the  fire- 
engine  ;  but  sometimes,  where  the  length  is  great  or  numerous  jets 
may  be  required,  extra  hose  must  be  held  in  readiness,  and  therefore 
separate  wheeled  carriages  are  provided  for  carrying  it.  The  hose- 
reels,  as  they  are  called,  cost  from  ;^I5  for  those  drawn  by  hand  to 
;/^5o  for  the  large  carriages  for  two  horses. 

The  following  particulars  are  necessary  for  the  elaboration  of  a 
scheme  of  fire-extinction,  for  the  organisation  of  the  men  and  the 
choice  of  apparatus : — 

1.  The  Area  of  the  town  or  district,  as  shown  upon  a  plan,  and 
the  population. 

2.  The  nature  of  the  Water-supply ;  the  abundance  or  otherwise  of 
water ;  and,  if  the  supply  be  from  pipes,  the  pressure  which  is  main- 
tained. The  lines  of  pipes  and  positions  of  hydrants  should  be  marked 
on  the  plan. 

3.  A  description  of  the  kind  of  Hydrants  or  outlets  available  for 
fire-extinction. 

4.  The  average  and  maximum  Height  of  the  houses. 

5.  The  material  of  the  Houses-^-vfood,  stone  or  brick — so  far  as 
regards  inflammability. 

6.  The  Climate,  If  dry,  whether  it  increases  the  inflammability 
of  houses  or  renders  woodwork  in  the  engines  inexpedient ;  if  cold, 
whether  the  pipes  and  other  apparatus  will  be  exposed  to  frost. 

7.  The  Existing  means  of  fire-extinction ;  and  the  experience  of 
the  past  in  regard  to  fires,  so  far  as  it  will  assist  a  choice  of  means  for 
the  future. 

8.  Under  whose  Control  or  management  the  firemen  and  apparatus 
will  be  placed. 
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Roads  and  Q.  The  kind  of  Roods  and  their  gradients,  so  far  as  they  affect 

the  choice  of  vehicles,  and  the  motive  power. 

10.  The  kind  oi  Horses  or  other  draught  animals  available  for 
dragging  the  engines. 

Floating  engines.        If  Floating  fire-engines  are  wanted,  then,  in  addition  to  the  above 

particulars,  the  following  also  are  required  : — 

1 1,  A  Flan  of  the  river,  dock  or  harbour  where  the  engine  will  be 
used,  showing  the  buildings  or  shipping  to  be  protected,  and  limits 
of  width  for  passing  through  dock  gates. 

Depth  and  flow  1 2.  The  Strength  of  Current  or  flow  of  tide ;  and  the  depth  of  water 

so  far  as  it  may  limit  the  approach  of  the  engine  to  the  shore. 
13.  The  kind  of  Water:  salt  or  fresh,  pure  or  dirty. 
Land  approaches.        1 4.  Whether  there  are  Land  approaclies  by  which  engines  on 

shore  can  come  to  the  aid  of  the  floating  engines. 
Propelling  power.        1 5.  Whether  Self-propelUng  power  is  to  be  applied,  or  whether  the 

towing  by  boat  or  steamer  is  to  be  depended  on. 

Land  engines  Sometimes  pumping-engines  are  fixed  on  a  barge,  but  unless  for 

arge.    ^^^  .^  ^  dock  or  Other  limited  area,  propelling  power  is  essential  to 

its  efficiency.     Sometimes  a  flre-engine  is  placed  on  a  small  steamer 

which  has  been  made  for  some  other  purpose ;  but  there  are  various 

advantages  in  detail  which  render  a  special  and  fully-equipped  steamer 

preferable.     Small  floating  engines,  without  propelling  power,  such 

Cost  of  floating   as  are  used  sometimes  in  docks,  can  be  obtained  for  ;^iooo,  but 

engines.        ^^  morc  usual  kinds  cost  from  ;^2ooo  to  ;^5ooo. 
Fire  apparatus  In  Connection  with  any  apparatus  for  the  extinction  of  fire,  it  is 

ept  n  o  er.  gssgn^j^l  jjq^  Qnly  that  everything  shall  be  in  good  order  for  immediate 
use,  but  that  those  concerned  shall  be  regularly  practised  in  using 
it.  Too  often,  in  places  where  fires  occur  seldom,  both  conditions 
are  wanting,  and  a  fire  obtains  great  way  before  sufficient  water  can 
be  brought  to  bear.  Even  where  the  importance  of  keeping  the  ap- 
paratus is  appreciated,  the  want  of  readiness  in  the  users  limits  and 
sometimes  neutralises  the  advantage.  Thus  in  warehouses,  banks 
and  factories,  the  hydrants,  hose,  nozzles  and  buckets  are  often  con- 
spicuously displayed,  but  as  many  years  may  elapse  before  they  are 
called  into  service,  the  hose  may  be  stiff  and  rotten,  the  valves  too 
stiff  to  tiun,  and  unskilled  and  inexperienced  attendants  may  be  unable 
to  connect  or  use  the  several  appliances.  To  be  of  real  effect,  the 
Fire  practice,     apparatus  should  be  regularly  practised,  and  though  irregular  periods 

of  trial  might  be  best  for  accustoming  the  workmen  to  sudden  calls, 
neglect  or  discontinuance  of  practice  is  best  prevented  by  having  fixed 
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days,  monthly  or  quarterly,  on  which  the  apparatus  can  be  employed 
for  washing  the  roofs,  windows,  or  walls,  or  watering  the  streets,  so 
that  those  watchmen,  foremen  or  others,  who  would  most  likely  be 
called  upon  for  actual  service  either  in  the  day  or  night,  may  know 
exactly  what  to  do.  Ten  gallons  of  water  employed  immediately 
will  have  more  effect  than  10,000  gallons  when  the  fire  is  raging. 

The  cost  of  a  fire  establishment  depends  mainly  on  the  complete- 
ness and  suitability  of  the  water  supply  and  apparatus,  on  the  local 
peculiarities  of  the  town,  houses,  and  streets,  but  also  to  a  large  extent 
on  the  organisation  and  drill  of  the  men.  Only  by  attention  to  the 
latter  point  can  the  highest  efficiency  be  obtained  from  a  given  ex- 
penditure. Exclusive  of  capital  outlay  for  water-supply,  the  following 
was  in  1876  approximately  the  expense  in  four  of  the  large  cities  of 
the  world,  reckoned  per  1000  inhabitants : — London,  about  ;^23 ; 
Paris,  about  jP^^o ;  New  York,  about  ;^23o ;  Chicago,  about  ;£^2oo. 
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Tanks  or  cisterns  are  made  of  cast-iron,  wrought-iron,  steel,  zinc, 
slate  and  wood;  but  for  engineers*  purposes,  only  iron  and  steel 
tanks  need  consideration  here.  Cast-iron  is  better  suited  than  wrought 
iron  to  withstand  rust ;  its  greater  substance  allows  more  margin  for 
waste  by  rust ;  the  pieces  of  which  a  cast-iron  tank  is  composed  are 
easy  for  carriage,  and  can  be  cheaply  and  effectually  joined  together. 
Wrought-iron  or  steel  tanks  can  be  made  with  thinner  plates  than 
cast-iron,  and  are  therefore  lighter  for  carriage ;  they  are  less  liable 
to  sudden  fracture ;  the  joints  are  less  obtrusive,  and  are  free  from 
certain  objections  against  flanges  and  bolts.  Small  tanks  are  generally 
made  of  wrought  iron  or  steel,  as  they  can  be  transported  whole 
w^ithout  damage,  but  large  tanks  are  seldom  made  of  wrought  iron, 
except  where  lightness  for  transport  is  of  great  importance,  or 
where  there  are  special  circumstances  rendering  cast  iron  unde- 
sirable. 

Cast-iron  tanks  are  made  of  rectangular  plates,  generally  of  some 
size  between  3  ft.  and  5  ft.,  and  in  thickness  between  \  in.  and  J  in. 
It  is  generally  endeavoured,  in  designing  a  tank,  to  make  the  plates 
of  uniform  size  and  shape,  the  dimensions  of  length,  width  and  depth  Shape  and  sise 
being,  where  feasible,  of  some  common  divisor.  For  instance,  4  ft. 
is  a  convenient  unit  for  this  purpose,  the  width  and  length  being 
then  8  ft,  12  ft.,  16  ft,  20  ft.,  or  other  multiple.  Unless  for  some 
special  purpose  other  than  that  of  storage,  or  except  superficial 
space   be   limited,  deep   tanks   are   to   be   avoided,  and   the  great 
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majority,  whatever  their  cubic  capacity,  are  generally  between  3  ft. 
Water  pressure  in  and  6  ft.  deep.     As  the  pressure  of  water  on  each  square  foot  of 

surface  is  determined,  not  by  the  superficial  extent  of  the  tank  but 
by  the  head  of  water,  the  strains  to  be  provided  against,  and  the 
consequent  cost  and  risk  of  breaking,  increase  rapidly  with  the  depth 
of  the  tank.  It  is  necessary,  in  all  tanks  more  than  about  6  ft.  long, 
to  tie  the  sides  together  by  iron  rods  placed  across  the  tank,  and 
angle-stays  or  brackets  are  inserted  to  stiffen  the  vertical  sides. 
Circular  tanks,  though  more  expensive  and  generally  less  convenient 
than  rectangular  tanks,  are  stronger  against  internal  pressure. 

The  plates  of  cast-iron  tanks  are  fastened  together  by  flanges  and 
bolts,  and  the  question  has  to  be  settled  in  each  case  whether  the 
_     *'*^'  flanges  shall  be  inside  or  outside  the  tank.    The  pressure  from  within 

Plang^es  and  °  •    i  -      •  j     n 

boiu.  the  tank  tends  to  tighten  mside  flanges  and  to  open  outside  flanges, 

but  tanks  should  be  so  strongly  made  as  to  render  this  of  no  conse^ 

Outside  flangea.   qucnce.     l^he  smooth,  neat  appearance  of  the  outside  of  a  tank,  when 

the  flanges  and  bolts  are  all  inside,  sometimes  leads  to  the  adoption 
of  the  latter  plan,  which  in  England  is  that  generally  adopted  for 
storage  tanks  at  railway  stations ;  but  as  outside  flanges  are  best, 
they  should  be  adopted  where  possible,  especially  where  the  purity 
of  the  water  is  of  importance.  There  is  the  great  disadvantage 
Inside  flaneet.    with  inside  flanges   that   the   bolts  are   exposed   to   rust ;  and   the 

flanges,  expecially  those  on  the  bottom,  hold  dirt  or  sediment,  and 
hinder  the  easy  cleaning  of  the  tank.  A  smooth,  clean  surface  is 
sometimes  given  by  a  lining  of  Portland  cement  flush  with  the  flanges. 
Tanks  are  sometimes  so  situated  that  flanges  outside  would  be 
Accessibility  for  inaccessible  for  caulking  and  painting,  and  where  tanks  have  to  be 
*^*pa«ntmg."       fixed  in  confined  spaces,  inside  flanges  allow  the  whole  space  to  be 

utilised,  while  outside  flanges  not  only  project  but  require  room  for 

caulking.     Even  where  the  sides  can  be  caulked  from  the  outside, 

the  under  side  of  the  tank  bottom,  where  it  rests  upon  its  supports, 

^#!X|j         is  frequently   inaccessible.     But  outside  flanges  can,   if  shaped   for 

g—JtSag     the  purpose,  be  also  caulked  from  the  inside,  and  as  this  is  often 

'^®'  necessary  for  the  bottom  of  the  tank,  some  engineers,  for  the  sake 

of  uniformity,  caulk  outside  vertical  flanges  also  from  the  inside. 

In  fitting  together  cast-iron  tanks  the  plates  may  be  so  accurately 

planed  at  their  edges  as  to  need  only  a  smearing  of  red  lead  to  be 

water-tight  when  bolted  together;    and  in  such   a   case   the   plates 

planed.  should  be  planed  to  template  so  as  to  be  interchangeable.    The  more 

usual  plan,  however,  is  to  fit  the  edges  of  the  plates  with  approximate 
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accuracy  only,  and  then  to  make  the  joint  by  caulking  between  the' 
fjanges  with  cement  formed  of  iron  borings.  Cast-iron  tanks  so  jpinted 
remain  permanently  water-tight;  but  they  should  be  periodically 
examined  to  see  that  the  bolts,  ties  and  stays  are  in  good  condition. 
For  want  of  such  care  cast-iron  tanks  will  fail  from  corrosion  of  these 
parts,  and  the  sudden  giving  way  of  the  tank.  The  chances  of  such 
accidents  are  so  remote,  if  moderate  care  be  exercised,  as  not  to 
outweigh  the  many  advantages  of  cast  iron  in  the  majority  of  cases ; 
but  where  a  tank  is  so  situated — ^as,  for  instance,  over  a  hospital  or 
school — that  its  failure,  and  the  ,  sudden  falling  of  many  tons  of 
water,  would  cause  loss  of  life,  then  wrought-iron  or  steel  tanks,  which 
would  give  more  signs  of  yielding  before  actual  fracture,  should  be 
used.  But  such  cases  need  seldom  arise,  for  wh6re  large  tanks  are 
elevated,  they  should  be  on  buildings  not  used  for  habitation. 

Cast-iron  tanks  are  liable  to  fracture  by  great  and  sudden  changes 
of  temperature.  Thus,  in  breweries  and  dye-works,  tanks  may  have 
to  be  filled  alternately  with  hot  and  cold  liquor ;  and  if  the  change  be 
sudden — ^and  especially  if  the  liquid  in  entering  impinge  on  one  platfc 
— the  metal  may  possibly  break.  It  is  therefore  generally  expedient  to 
employ  wrought-iron  tanks  for  such  purposes.  Sometimes,  however, 
it  is  convenient  for  other  reasons  to  use  cast  iron,  as,  for  instance,  in 
the  shallow  Cooler-tanks  of  a  brewer/.  In  such  cases  the  ordinary 
iron  cement  or  rust  joint  is  not  the  most  appropriate,  and  planed 
joints  are  the  best ;  but  as  it  is  almost  impossibk  to  prevent  some 
slight  leakage  as  the  tank  expands,  some  absorbent  material  sUch  as 
paper  should  be  interposed  in  addition  to  the  smearing  of  red  lead 
usual  in  such  joints,  as  it  intercepts  the  leakage. 

Cast-iron  tanks  can  generally  be  purchased  at  from  jf7  to  J[^\2 
per  ton  above  the  current  rate  of  pig-iron,  these  rates  allowing  for 
the  bolts  and  stays  \  but  within  these  limits  the  exact  price  will  de- 
pend on  the  thickness  and  weight  of  the  plates,  whether  they  have  to 
be  machined,  whether  the  various  parts  repeat  so  as  to  avoid  pattern- 
making,  and  whether  numerous  outlets  or  irregular  accessories  are 
needed.  The  labour  in  fixing,  caulking,  and  painting  a  properly-made 
cast-iron  tank  costs  from  £^1  10s,  to  j£$  per  ton. 

As  each  cubic  foot  holds  6^  gallons,  the  size  of  a  tank  to  contain 
a  given  quantity  can  be  easily  calculated,  and  an  approximate  esti- 
mate of  weight  can  be  made  by  assuming  a  thickness  all  over  of  about    Weight  of  water, 
j  in.  more  than  the  actual  thickness  of  the  plates  to  allow  for  the 
"weight  of  the  flanges  and  ribs.     Thus  if  the  plates  be  J  in*  thick,  as  plates. 

2    T 


Cost  of  cftst-iron 
tanks. 


Cost  of  fixing. 


642 


MathesoHS  Aid  Book.  [Chap.  XXII. 


Supporting  walls 
and  columns. 


Wrouffht-iron  or 
steel  tanks. 


Riveting. 


Small  tanks 
transported  whole. 


Current  prices. 


See  Discounts, 

page  435. 


in  small  shallow  tanks,  then,  instead  of  20  lbs.  per  square  foot, 
28  lbs.  would  be  about  the  total  weight ;  or,  if  the  plates  be  ^  in« 
thick,  35  lbs.  should  be  assumed  instead  of  25  lbs. 

Tanks  are  supported  either  upon  brick  walls  or  iron  columns,  and 
in  either  case,  if  the  tank  be  more  than  6  ft.  square,  a  framing  of 
girders  should  be  so  arranged  as  to  give  bearings  not  too  far  apart. 
Rolled  steel  joists  are  convenient  and  useful  as  cross  supports.  It  is 
usual  to  place  the  girders  immediately  below  the  joints  of  the  plates, 
this  plan  being  feasible  where  the  caulking  is  from  the  inside.  Each 
cubic  foot  of  water  weighs  62^1  lbs. 

Wrought-iron  or  steel  tanks  are  made  of  plates  (generally  termed 
sheets  when  thinner  than  \  in.)  from  r?  ^^  ¥  ^^*  thick,  according  to  the 
size  of  the  tank.  The  prices  of  wrought-iron  and  steel  are  about  the 
same.  For  deep  tanks  steel  may  be  used  because  of  its  strength, 
but  iron  is  sometimes  preferred  because  of  a  supposed  less  liability 
to  corrosion.  The  plates  are  riveted  together  like  boilers,  though 
with  much  lighter  rivets.  The  trouble  and  expense  of  riveting  at  the 
site  limit  the  use  of  wrought-iron  tanks  of  sizes  larger  than  can  be 
transported  whole.  Wrought-iron  tanks  can  generally  be  purchased 
at  rather  less  prices  than  those  of  cast  iron,  the  price  per  ton  being 
about  double,  and  the  weight  less  than  half. 

Small  open  cisterns  or  closed  tanks  are  transported  whole,  but 
the  limit  of  size  depends,  of  course,  on  local  circumstances  and  the 
means  of  carriage ;  but  even  where  possible,  the  great  space  occu- 
pied is  an  inconvenience,  especially  in  stowing  for  sea-carriage, 
though  the  space  may  be  utilised  by  packing  otherj  goods  inside, 
or,  in  the  case  of  open  cisterns,  by  "  nesting "  together  one  inside 
another.  The  manufacture  of  wrought-iron  tanks  has  become  a 
special  branch  of  trade,  and  large  quantities  are  made  for  storing 
water  on  board  ship,  for  holding  oil,  and  for  numberless  other  pur- 
poses. From  50  to  500  gallons  is  the  range  which  includes  the  small 
sizes  most  in  demand,  and  it  is  customary  to  state  the  cost  by  the 
capacity,  sales  by  weight  seldom  taking  place,  except  for  larger  sizes. 
The  price  is  not  so  immediately  influenced  by  the  price  of  raw 
material  as  in  the  case  of  cast-iron  tanks,  and  when  the  current  price 
for  tank-sheets  is  from  jQ^  to  jr^\2  per  ton,  the  current  rates  for 
small  open  cisterns  will  range  from  7^.  to  5^.  per  gallon  up  to  a 
capacity  of  300  gallons,  diminishing  to  4//.  for  tanks  holding 
600  gallons.  If  the  tanks  be  covered,  an  extra  cost  of  about  a 
penny  per  gallon  is  incurred.     Prices  in  jmnted  lists  are  generally 
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much  higher  than  the  above,  but  as  in  the  case  of  tubes,  are  subject 
to  discounts.  It  is  usual  to  coat  small  tanks  with  zinc  at  an  extra 
cost  of  about  10  per  cent.,  but  such  coating  is  not  permanent  unless 
itself  protected  by  painting.  Large  tanks  of  wrought  iron  are  made 
of  plates  varying  from  y\  to  J  in.  thick,  and  cost  from  ;^8  to  ^i  2 
per  ton  more  than  the  rates  current  for  tank  plates.  The  largest  tanks 
are  those  used  for  the  storage  of  water  in  towns  where  no  elevated 
site  is  available  for  reservoirs.  In  such  cases  very  large  tanks  have 
to  be  erected  on  towers  lofty  enough  to  give  a  head  of  water  sufficient 
for  supplying  houses  at  all  parts  of  the  town.  As  the  failure  of  such 
tanks  would  be  disastrous,  special  precautions  must  be  taken  to  en- 
sure stable  supports,  and  the  safety  against  fracture  of  the  tank  itself. 
Wrought  iron  is  best  in  such  cases,  but  in  order  to  allow  for  wasting 
by  rust  the  plates  should  be  thicker  than  the  load  which  an  ordinary 
factor  of  safety  requires,  and  every  part  in  and  around  the  tank  and 
its  supports  should  be  accessible  for  inspection  and  painting.  The 
cast-iron  tank  on  the  elevated  tower  at  the  Crystal  Palace,  London, 
and  the  series  of  wrought-iron  tanks  in  the  city  of  Buenos  Aires  are 
notable  examples.  In  each  case  the  tanks  are  supported  on  cast-iron 
columns  symmetrically  braced.  At  Buenos  Aires  there  are  three  tiers 
of  tanks,  and  the  total  load  supported  is,  when  the  tanks  arc  full, 
about  60,000  tons. 

In  order  properly  to  design  a  tank,  and  to  estimate  the  cost,  the 
following  information  is  necessary  :  — 

1.  Complete  Dimensions  of  length,  width  and  depth ;  or,  instead 
of  these,  the  capacity  in  gallons,  with  any  limitations  in  regard  to 
shape,  area  or  depth  that  may  be  necessary.  Such  limitation  may 
often  be  well  indicated  by — 

2.  A  drawing  or  description  of  the  Site  where  the  tank  is  to  be 
fixed,  showing  the  height  from  the  ground,  the  area  available  and 
whether  it  is  enclosed  or  open.  The  supports  should  be  described, 
or  information  given,  which  will  assist  a  choice  between  brick  walls 
and  iron  or  steel  columns. 

3.  The  Sennce  for.  which  the  tank  is  needed ;  whether  for  salt  or 
fresh  water,  hot  or  cold  liquid ;  the  extreme  changes  of  temperature ; 
and  whether  the  tank  is  to  be  covered. 

4.  A  description  or  drawing  of  any  inlets,  outlets.  Pipes  and 
Valves  that  may  be  needed. 

5.  .Whether  Supports  for  the  tank  are  to  be  supplied. 

6.  Extremes  of  Climate  and  difficulties  of  transport  should  be 
described. 
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Iron  pipes ^  is  used  by  engineers,  may  be  classed  as  for  water,  gas, 
steam  and  rain-water ;  and  for  all  these  purposes  cast  iron  is  the 
most  usual  material ;  although  wrought  iron  or  steel  is  also  employed 
in  certain  cases.  Pipe-founding,  though  not  a  difficult  art,  requires 
care  and  experience  to  produce  sound  castings.  It  is,  in  regard  to  its 
extent,  one  of  the  most  important  of  the  subsidiary  engineering 
trades;  the  quantity  of  pipes  made  is  so  great  as  to  render  every 
detail  of  consequence ;  and  the  use  of  special  appliances  has  brought 
the  cost  of  pipes  lower  than  that  of  castings  generally. 

The  cylindrical  form  of  a  pipe  renders  it  very  strong  against 
internal  pressure;  and  the  material  of  cast  iron  is  well  suited  to 
withstand  the  outer  pressure  or  w^eight  which  a  pipe  has  to  sustain 
when  buried  below  ground.  On  the  other  hand  cast  iron  is  heavy 
for  carriage  and  liable  to  fracture  in  shipment.  Cast-iron  pipes, 
in  regard  to  form,  are  of  two  kinds — spigot-and-faucet  pipes,  known 
somfetimes  as  socket-pipes,  and  flange-pipes :  these  being  the  alter- 
native methods  of  jointing.  Flange-pipes,  which  are  held  together  by. 
bolts,  are  used  for  steam  and  for  high-pressure  water,  and  socket-pipes 
for  gas  and  ordinary  water  service. 

In  casting  pipes,  care  is  necessary,  as  in  other  hollow  castings,  to 
^nsure  the  core  being  concentric,  for,  of  course,  if  the  core  be  mis- 
placed and  the  section  of  the  pipe  eccentric,  the  pipe  is  weaker, 
because  thinner  at  one  side  than  the  other.  Even  if  still  strong 
enough  to  withstand  a  test,  the  margin  of  strength  is*  reduced, 
though  there  may  be  nothing  in  the  outward  appearance*  of  the 
casting  to  indicate  the  inequalit)\  In  spigot-and-faucet  pipes,  the 
diameter  of  the  socket  is  generally  sufficient  to  allow  for  trifling 
inequalities  in  its  shape  and  in  that  of  the  spigot,  and  to  afford 
also  some  play  in  laying  or  adjusting  the  pipes  in  a  desired, line. 
But  the  plan  is  sometimes  preferred  of  turning  the  spigot  and  boring 
the  socket  (slightly  taper)  so  that  they  will  fit  so  accurately  as  to 
need  only  a  smearing  of  white  lead  or  Portland  cement,  the  blue 
lead  or  other  caulking  material  usual  in  loose  sockets  not  then  being 
necessary.  Machine  processes  are  so  cheaply  performed  that;  the 
cost  of  turning  is  more  than  met  by  the  saving  in  time  and  expense 
in  laying  the  pipes  and  making  the  joints.  But  while  this  plan  may 
be  effective  for  pipes  laid  level,  and  on  an  unyielding  bed,  it  is  not 
suitable  for  pipes  laid  on  a  less  certain  foundation ;  for  if  the  bed 
yield,  there  is  not  the  play  which  the  wider  socket  allows,  and  the 
tight  turned  joint  will  be  more  liable  to  break. 
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It  is  more  desirable  to  make  the  joint-faces  of  flange-pipies  true 
by  turning;  for,  though  by  means  of  rubber  or  other  washers,  or 
by  caulking  with  cement,  a  tight  joint  can  be  ensured  though  the 
metallic  faces  be  slightly  uneven^  there  is  more  trouble  in  laying  the 
pipes  and  more  risk  of  leakage  afterwards.  And  as,  if  the  pipes  be 
not  turned,  the  trouble  of  chipping  the  irregularities  from  the  faces 
(a  process  not  so  effectual  as  that  performed  by  the  lathe)  has  to  be 
incurred,  it  is  always  desirable  to  turn  them.  The  leakage  by 
imperfect  jointing  may  be  considerable,  and  yet  in  buried  pipes  so 
invisible  and  silent  as  to  be  difficult  of  discovery.  In  the  water- 
supply  of  towns  the  leakage  sometimes  bears  a  considerable  propor- 
tion to  the  total  consumption,  and  not  only  causes  a  Joss  of  water 
but  a  diminution  of  pressure.  In  gas  undertakings,  also,  the  loss  by 
leakage  sometimes  equals  or  exceeds  the  amount  necessary  for  profit 
on  the  capital  expenditure. 

The  foundry  moulds  for  very  small  pipes  are  laid  horizontally. 
For  the  larger  sizes,  a  slanting  position  was  formerly  adopted ;  but 
it  may  now  be  considered  as  obsolete,  and  a  vertical  position  is 
generally  demanded  by  engineers  for  pipes  over  3  in.  diameter ;  for 
cores  of  larger  diameter  are,  unless  placed  vertically,  liable  to  float 
or  rise  upwards  in  the  mould,  and  make  the  upper  side  of  the  pijDe 
too  thin.  Moreover,  when  soundness  and  closeness  of  texture  in  any 
part  of  a  casting  is  required,  it  is  an  ordinary  incident  of  the  founder's 
art  to  place  that  part  downwards,  because  the  weight  of  molten  metal 
compresses  that  at  the  bottom,  and  the  air-bubbles  and  loose  sand 
that  may  have  fallen  ^to  the  mould  rise  to  the  upper  part.  When 
pipes  are  cast  vertically,  the  weight  and  volume  of  iron  in  the  runners 
or  conduits  through  which  the  molten  iron  enters  the  mould  are  not 
always  sufficient  to  secure  solidity  and  purity  of  metal  throughout 
the  body  of  the  pipe,  though  it  is  generally  considered  sufficient  for 
this  purpose  in  ordihar}'  castings ;  and  therefore  it  has  become  the 
practice  among  the  best  pipe-founders  to  cast  the  socket  downwards, 
and  to  allow  a  considerable  head  of  metal  (chiefly  by  a  prolongation 
of  the  spigot  end),  which  is  afterwards  cut  off"  in  a  lathe. 

The  proper  strength  and  durability  of  cast-iron  pipes  are  assured — 

I.  By  giving  that  Thickness  to  the  pipes  which  calculation,  based 
on  an  assumed  tenacity  of  the  metal,  shows  to  be  necessary  to  the 
diameter  of  the  pipe  and  the  pressure  to  be  endured.  To  allow  for  in- 
e(iualities  in  casting,  safety  in  carriage  and  wasting  by  rust,  water-pipes 
are  generally  designed  with  a  factor  of  safety,  which,  if  calculated 
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according  to  the  internal  pressure  they  are  to  endure  in  working, 
ranges  from  6  to  i  to  10  to  i,  according  to  the  purpose  to  be 
fulfilled  and  the  opinion  of  the  engineer.  For  situations  where 
the  pipes  will  not  be  exposed  to  rough  treatment,  a  factor  of 
6  to  I  may  be  sufficient;  or  8  to  i  if  for  water  mains  in  towns; 
while  in  cities  where  there  is  heavy  road  traffic,  10  to  i  is  often 
adopted, 

2.  By  using  Good  Iron.  The  quality  of  the  iron,  though  often 
specified,  is  seldom,  except  in  large  or  important  contracts,  really  en- 
sured by  supervision  and  tests,  and  inferior  metal  may  then  be  used 
without  detection,  because  it  may  be  amply  sufficient  to  bear  the  water- 
pressure  test.  Iron  re-melted  from  pig-iron  in  a  foundry  should  be 
specified  (to  the  exclusion  of  iron  cast  from  a  blast-furnace),  and  of  a 
strength  which  will  bear  on  the  standard  test-bar,  already  described,  a 
certain  load.  A  weight  of  25  cwt.  should  be  the  minimum,  but  this 
only  shuts  out  very  inferior  iron,  and  28  cwt.  may  be  obtained  with- 
out difficulty.  If  a  minimum  weight  of  pipe,  or  great  tenacity  of  the 
metal  is  important,  as,  for  instance,  for  long  transport,  or  to  endure 
rough  treatment,  30  cwt.  is  specified,  and  for  this  the  iron  in  some 
districts  is,  if  used  alone,  not  strong  enough,  but  may  be  made  so 
by  the  admixture  of  superior  iron.  If  it  were  not  for  the  incon- 
venience of  constant  supervision,  it  would  always  be  advisable  to 
use  good  iron,  as  the  advantages  obtained  outweigh  the  extra  cost 
A  greater  test  load  than.  30  cwt.,  though  occasionally  demanded  for 
special  purposes,  is  not  expedient  generally. 

3.  By  proper  Methods  of  Casting,  Althougl^  an  engineer  will  gene- 
rally specify  a  vertical  position  for  the  mould,  yet,  as  the  plant  and 
appliances  of  pipe-founders  differ,  it  may  be  necessary  to  verify  by 
inspection  before  and  during  manufacture  that  the  specification  is 
obeyed. 

4.  By  verifying  the  thickness  of  metal  by  Weighing  each  pipe, 
A  margin — generally  of  about  4  per  cent,  for  small  pipes  of  3  in. 
diameter,  and  diminishing  to  2  per  cent,  for  pipes  of  36  in.  diameter 
— is  generally  allowed,  within  which  limits  any  pipe  otherwise  good 
will  be  received;  but  sometimes  it  is  stipulated  that  no  excess  of 
weight  beyond  i  per  cent,  will  be  paid  for,  as  it  may  be  expected 
that  the  average  difference  will  not  exceed  this. 

5.  By  Examining  each  pipe  inside  and  out,  to  see  if  there  are  any 
unsound  places ;  and  by  gauging  and  measuring  to  prove  that  they 
arc  concentric  in  section,  and  that  the  spigots,  sockets  or  flanges  are 
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of  proper  form  and  diameter.     A  disc  \  in.  less  in  diameter  than 
the  prescribed  bore  of  the  pipe  should  pass  freely  inside. 

6.  By  Testing  each  pipe  by  high-pressure  water,  to  detect  flaws  or 
cracks  in  the  metal.  A  pressure  equal  to  a  column  of  water  300  ft. 
high  (about  130  lbs.  to  the  square  inch)  is  generally  adopted  as  suffi- 
cient for  this  purpose,  and  this  rule  is  in  Great  Britain  so  well  estab- 
lished, as  to  be  almost  an  assumed  condition  in  bargains  for  pipes,  and 
every  pipe-founder  has  testing  machines  as  part  of  his  ordinary 
apparatus.  But  for  thick  pipes,  in  which  the  working  pressure  will 
exceed  200  ft.,  a  greater  test-pressure  is  prescribed,  rising  to  1000  ft. 
where  the  working  pressure  exceeds  500  ft.  The  above  tests  do  not 
prove  the  strength  of  sound  and  well-made  pipes,  but  are  enough  to 
ensure  that — within  the  short  time  the  pipe  is  under  pressure — the 
water  shall  penetrate  to  and  discover  cracks,  flaws  or  spongy  places. 
Still  further  to  detect  weakness  or  liability  to  fracture  at  such  unsound 
places,  it  is  usual  while  the  pipes  are  under  pressure  to  rap  them  with 
a  hammer.  The  cast-iron  pipes  for  the  London  hydraulic  mains 
(averaging  7  in.  diameter)  are  tested  to  2500  lbs. 

7.  By  Coating  the  pipes  inside  and  out  with  some  preservative 
compound.  Corrosion  is'specially  damaging  to  pipes,  for  it  not  only 
wastes  away  the  metal  but  the  rust  accumulates,  and,  fungus-like, 
expands  (the  composition  of  the  water  often  assisting  this)  so  as  to 
choke  the  passage-way.  So  serious  are  such  consequences  that 
many  plans  of  coating  and  painting  have  been  devised  to  prevent  it. 
The  pipes  should  be  oiled  directly  they  have  been  trimmed  in  the 
foundry,  before  rust  has  commenced,  and  then  coated.  The  most 
successful  coating  is  that  known  as  Dr.  R.  A.  Smith's  process,  by 
which  the  pipes  are  coated  inside  and  out,  while  hot  from  the  foundry 
mould,  with  a  peculiar  bituminous  composition.  This  plan,  which 
adds  from  2S,  6d.  to  5^.  per  ton  to  the  cost  of  the  pipes,  is  almost 
invariably  adopted  for  water-pipes,  and  postpones  greatly  the  decay 
of  the  iron.  The  durability  of  the  coating  depends  on  the  efficiency 
with  which  it  is  performed  and  on  the  kind  of  water  passing  through 
the  pipe.  In  some  cases  the  coating  shows  no  signs  of  deterioration 
after  twenty  years'  use. 

Precautions  such  as  these  demand  care  and  knowledge,  and  inspec- 
tors who  have  had  special  experience  are  generally  employed.  But 
notwithstanding  the  care  which  may  be  exercised  during  and  after 
manufacture,  it  is  seldom  that  a  certain  proportion  of  faulty  pipes  can 
be  avoided,  and  if  such  pij)es  are  buried  ///  situ^  without  their  faults 
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being  detected,  they  may  be  the  cause  of  much  loss  by  leakage — 
often  silent  and  undiscovered — or  of  expense  in  substituting  new 
pipes.  It  is  important,  therefore,  that  a  line  of  pipes  while  being 
laid,  and  before  the  trenches  are  covered  up,  should  be  tested  under 
pressure ;  convenient  lengths  of  pipe  being  temporarily  isolated  and 
closed  for  the  purpose,  a  process  by  which  also,  in  gas-pipes  as  well 
as  in  water-pipes,  the  condition  of  the  joints  may  be  ascertained. 
Evils  of  leakage.    The  loss  of  gas  by  leakage  is  often  very  great,  and  the  saturation  of 

the  soil  in  large  towns  from  this  cause  is  an  important  sanitary 
question. 

Cast-iron  pipes  are  generally  sold  by  weight,  and  the  total  cost 
depends  on  the  thickness  of  the  metal ;  the  cost  of  carriage  being 
also  so  determined.  A  bargain  for  pipes  at  a  price  per  ton  is  there- 
fore incomplete  unless  accompanied  by  a  statement  of  weight,  which 
may  be  specified  either  by  the  purchaser  or  the  seller.  The  weight 
depends  mainly  on  the  thickness,  but  a  little  also  on  the  dimensions 
and  form  of  the  socket  or  flange.  In  some  cases,  purchasers  who 
have  specified  the  thickness  or  weight  of  pipes,  and  the  water-pressure 
test  to  be  endured,  make  no  other  stipulation  in  regard  to  the  quality 
of  the  iron ;  and,  for  small  quantities  or  unimportant  purposes,  the 
expense  of  further  precaution  may  be  inexpedient,  and  a  proper 
quality  ensured  by  dealing  only  with  manufacturers  of  good  repute 
and  who  use  iron  of  known  quality.  But  in  important  cases,  a  certain 
tenacity  in  the  metal,  as  measured  by  the  weight  sustained  by  a  test- 
bar,  is  as  already  stated,  also  demanded. 

Every  pipe-founder  has  his  own  standard  weights,  to  which,  either 
exactly  or  within  moderate  limits,  he  is  prepared  to  adhere;  but 
when  a  rate  per  ton  is  the  measure  of  price,  a  water-pressure  test  the 
measure  of  quality,  and  no  conditions  as  to  thickness,  weight  or 
tenacity  demanded,  there  is  no  inducement  to  the  founder  to  save  in 
weight  by  using  iron  of  high  quality  and  taking  due  care  in  manufac- 
facture ;  and  pipes  so  bought  will  presumably  weigh  more  than  pipes 
bought  with  prescribed  limits  in  these  respects.  But  bargains  are 
seldom  made  without  limits  of  weight,  and  pipe-founders  are  generally 
prepared  to  conform  to  usual  limits,  although,  of  course,  the  less  the 
weight  the  less  will  be  the  remuneration  which  a  given  price  per  ton 
will  afford  for  the  labour  of  making.  But  even  iron  of  the  lowest 
quality  will,  as  already  stated,  if  cast  without  flaws,  endure  the  water- 
pressure  test,  so  that  it  alone  is  but  a  partial  protection.  Therefore, 
in  comparing  competitive  ofiers  from  manufacturers,  the  lowest  price 
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per  ton,  even  if  allied  with  moderate  weights  and  subjection  to  the 
ordinary  water-test,  is  not  necessarily  the  cheapest,  unless  the  quality 
of  the  iron  and  the  consequent  margin  of  safety  and  non-liability  to 
breakage  be  taken  into  account,  as  well  also  as  the  soundness  and 
concentricity  of  the  castings.  In  gas-pipes,  and  frequently  also  in 
water-pipes,  the  working  pressure  is  so  small  as  to  need  no  considera- 
tion in  deciding  on  the  thickness  of  the  metal,  which  has  to  be 
determined  by  other  circumstances,  such  as  the  substance  necessary 
to  ensure  soundness  in  founding,  safety  in  carriage,  resistance  to  ex- 
ternal pressure  when  laid,  and  endurance  against  rust.  In  the  case  of 
long  carriage  or  frequent  transhipment,  breakages  are  sometimes  very 
numerous,  and  it  is  important  to  provide,  either  by  special  insurance 
or  by  specific  contract  with  the  carriers,  for  the  loss  by  breakage. 
Shipowners  and  others  sometimes  seek,  by  special  clauses  in  their 
bills-of-lading  or  carriage-contracts,  to  avoid  their  ordinary  common- 
law  obligations  in  this  respect. 

Cast-iron  pipes  are,  in  England,  made  9  ft.  long,  when  the 
diameter  does  not  exceed  12  in.;  beyond  this  and  up  to  48  in.  a 
length  of  1 2  ft.  is  usual ;  the  length  in  each  case  being  that  which  is 
net  or  effective  when  laid,  exclusive  therefore  of  the  socket. 

Spigot-and-faucet  pipes,  if  cast  Table  of  weights, 
with  care  from  good  iron  capable 
of  enduring  28  cwt.  on  the  standard 
test-bar,  do  not  require  for  a  work- 
ing pressure  of  80  lbs.  per  square 
inch,  and  a  factor  of  safety  of  10, 
a  greater  thickness  than  the  weights 
in  column  A  imply,  and  many  engi- 
neers consider  these  the  minimum 
weights  even  for  lower  working  pres- 
sures. For  convenient  comparison 
all  the  lengths  are  stated  as  9  ft.,  but 
an  addition  of  one-third  will  give 
the  weight  of  12-ft.  lengths.  The 
weights  in  column  B  are  sufficient 
for  a  working  pressure  of  160  lbs. 
But,  in  the  absence  of  stipulation 
to  the  contrary,  pipes  weighing  from  5  to  20  per  cent,  more  are 
generally  supplied  by  manufacturers,  and,  unless  careful  and  constant 
inspection  can  be  insured,  it  is  inexpedient  to  demand  the  minimum 
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weights  given  above.  Flange-pipes,  if  of  the  same  thickness  as 
spigot-pipes,  weigh  from  five  to  ten  per  cent,  more,  but  they  are 
usually  made  thicker  than  socket^pipes,  as  there  is  more  difficulty 
in  casting  (the  upper  flange  forming  a  lodgment  for  the  impurities 
in  the  metal),  and  therefore  some  allowance  must  be  made  if  the 
flange-pipes  are  to  be  as  strong  as  the  socket-pipes*  The  thickest 
pipes  are  those — always  with  flanges — used  for  the  rising  mains  of 
deep  mine-pumps,  which  have  to  withstand  an  enormous  pressure,  and 
those  with  diameters  seldom  exceeding  8  inches  used  for  hydraulic 
mains. 

As  pipes  come  within  the  category  of  cheap  castings,  the  cost  of 
manufacture  bearing  a  less  than  usual  proportion  to  the  value  of  the 
metal,  prices  follow  closely  the  current  rates  for  pig-iron.  Socket 
(spigot-and-faucet)  pipes,  which  are  the  kind  generally  assumed  by 
the  manufacturer,  in  the  absence  of  stipulation  as  to  kind  or  purpose, 
cost,  for  all  diameters  above  5  in.,  £^'^  to  ;^4  per  ton  above  the 
current  price  of  pig-iron;  the  price  of  pig-iron  ranging  in  ordinary 
times  from  £^2  to  J[,2  10s.  per  ton.  The  exact  prices  of  pipes  are 
determined  by  the  quantity  ordered  at  the  same  time,  the  severity 
of  the  tests,  and  the  conditions  of  delivery  and  payment  If  the 
sockets  and  spigots  of  the  pipes  have  to  be  bored  and  turned,  an 
extra  rate  of  from  js.  to  15^.  per  ton  is  incurred.  From  $s.  to  6s.  per 
ton  is  the  extra  cost  for  coating  with  a  preservative  process.  Flange- 
pipes  cost  about  j£2  per  ton  more  than  socket-pipes,  but  the  extra 
expense  of  turning  is  about  the  same.  As  the  low  prices  at  which 
pipes  are  sold  is  owing  to  the  great  repetition  in  manufacture,  small 
or  miscellaneous  quantities  are  much  dearer.  Branch  pipes,  tees, 
bends  and  other  pipes  classed  as  irregular,  generally  cost  from  ^£4. 
to  j£s  per  ton  more  than  the  current  price  for  ordinary  straight  pij)es, 
and  if — as  in  connection  with  a  pumping-engine  or  steam-boiler — 
pipes  of  various  sizes  or  lengths  be  required,  the  ordinary  prices  are 
no  longer  applicable,  the  special  economies  of  manufacture  become 
impossible,  and,  as  in  other  classes  of  foundry  work,  the  price  is 
determined  by  the  cost  of  patterns  and  other  preparations. 

Pipes  should  be  made  so  exactly  to  a  pattern  or  gauge  as  to  be 
interchangeable ;  and  for  permanent  undertakings  where  renewals  or 
extensions  are  likely  to  occur,  as  in  the  case  of  municipal  gas  and 
water  works,  standard  patterns  should  be  established.  Pipes  made 
without  such  rules,  even  if  of  the  same  nominal  size,  if  bought  at 
different  times  from    different   manufacturers,  involve  extra  trouble 
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and  expense  in  the  laying  and  in  the  making  of  joints.  In  flange- 
pipes  not  only  should  flanges  of  a  uniform  diameter  and  thickness  for 
each  diameter  of  pipe  be  prescribed,  but  it  is  important  also  that  the 
position  of  the  bolt-holes  should  be  uniform.  In  pipes  subjected  to 
great  pressure  of  steam  or  water,  the  flanges  are  often  cast  without 
bolt-holes,  these  being  afterwards  drilled  with  great  exactitude,  and 
the  bolts  turned  to  fit.  But  in  the  majority  of  cases,  the  cheaper 
plan  of  making  the  holes  in  the  process  of  casting  is  adopted.  Besides 
making  the  hole  larger  than  the  bolt,  an  additional  margin  for  adjust- 
ment is  provided  by  making  elongated  or  oval  holes.  Templates  or 
patterns  for  the  flange  and  bolt-holes  should  be  provided  for  each 
size  of  pipes,  and  in  the  case  of  bends  and  other  irregular  shapes, 
the  relation  which  the  horizontal  axis  or  other  datum-line  bears  to 
the  setting-out  of  the  holes  should  be  indicated. 

In  the  absence  of  a  detailed  drawing  or  specification,  all  or  some 
of  the  following  information  (as  the  nature  of  the  case  indicates) 
should  be  furnished  to  the  manufacturer,  to  enable  him  to  make 
pipes  of  suitable  kind  and  to  estimate  the  cost. 

1.  The  Diameter  or  bore  of  the  pipes,  or  if  this  cannot  be  given, 
the  quantity  of  water  or  gas  to  pass  in  a  minute  with  a  given 
pressure. 

2.  The  Number  of  pipes  required,  or  the  total  length  in  lineal 
feet ;  and  whether  flange  or  socket  joints. 

3.  The  Purpose  for  which  the  pipes  are  required.  If  for  steam  or 
water,  the  maximum  working-pressure. 

4.  If  the  pipes  are  to  connect  with  others  already  fixed,  or  where 
some  standard  pattern  is  established,  a  Drawing  or  Template  of  the 
socket,  or  of  the  flanges  and  bolt-holes,  will  be  necessary  to  ensure 
uniformity. 

5.  The  number  and  description  of  Bends ^  tees  and  other  irregular 
forms. 

6.  Whether  the  Joints  of  the  pipes  are  to  be  turned  or  bored. 

7.  Whether  and  how  the  pipes  are  to  be  Coated  or  painted. 

8.  The  Tests  to  which  the  pipes  are  to  be  subjected. 
Rain-water  pipes  are  made  almost  as  thin  as  the  process  of  casting 

will  allow,  and  therefore  such  pipes  are  peculiarly  liable  to  fracture 
during  carriage.  When,  however,  they  are  fixed  in  place  the  pij>es 
are  strong  enough  for  their  purpose,  and  if  kept  painted  will  probably 
last  as  long  as  the  building  to  which  they  are  attached ;  but  if  too 
thin  or  not  cast  concentric,  or  if  not  regularly  painted,  the  iron  will 
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soon  waste  by  corrosion  and  the  pipes  be  rendered  useless.  Rain- 
Soid  by  measure,  water  pipes  have  socket  joints  and  are  sold  by  measure  of  length, 
Irregular  shapes,    and  not  Weight.     In   specifying  such   pipes  the   bends,  swan-necks 

(almost  always  needed  to  clear  projections  on  buildings)  and  enlarged 
head-castings  which  are  required  should  be  described. 


Wrought- iron 
and  steel  pipes. 
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Wrought'iron  or  Steel  pipes  (as  distinct  from  tubes)  are  made  of 
plates  of  all  thicknesses  from  -y^  in.  to  \  in.,  bent  into  form  and  then 
riveted  or  welded.  In  Great  Britain  the  use  of  such  pipes  was,  until 
mild  steel  became  available  at  a  low  price,  confined  to  such  minor 
purposes  as  chimneys  in  smithies,  or  for  conveying  the  blast  to 
smithy  fires  or  compressed  air  in  mines,  or  as  water-pipes  for  chain 
pumps,  or  in  well-sinking  operations,  as  they  are  light  for  handling,  and 
bear,  with  little  risk  of  breakage,  constant  movement  and  adjustment. 

For  more  important  purposes,  such  as  the  conveyance  of  water, 
gas  or  steam,  cast-iron  pipes  are,  for  countries  where  they  can  be 
cheaply  made,  generally  preferred  as  being  cheap  and  easy  to  make, 
strong  not  only  against  internal  pressure,  but  also  against  crushing 
when  laid  underground.  In  many  foreign  countries  where  the  sea 
and  land  carriage  are  costly  the  conditions  are  different,  and  the 
lighter  and  less  fragile  pipes  made  of  wrought  iron  or  steel  are  the 
cheapest.  They  are  used  as  main  pipes  for  public  gas  or  water 
supply,  for  conveying  water  or  compressed  air  in  and  about  mines, 
and  for  conveying  water  long  distances  for  irrigation  or  for  hydraulic 
mining.  They  are  also  used  as  "  pipe  lines  "  for  transporting  oil  or 
natural  gas. 

Wrought  iron  and  rolled  steel  of  the  kinds  used  for  pipes  differ 
little  in  price ;  they  each  by  their  tensile  strength  afford  ample  resist- 
ance to  internal  pressure,  and  though  less  strong  than  cast  iron  to 
withstand  an  outside  crushing  force,  they  will  flatten  rather  than 
break,  an  advantage  under  many  of  the  circumstances  in  which  pipes 
have  to  be  handled,  carried  and  laid.  When  on  these  almost  equal 
terms  wrought  iron  is  preferred  to  steel,  it  is  usually  because  of  i<s 
supposed  less  liability  to  rust  and  supposed  greater  safety  in  welding. 
Saving  in  weight.  As  riveted  or  Welded  pipes   are  less   than   one-third  the  weight  of 

cast  iron  of  equal  strength  and  capacity,  the  cost  is  generally  less 
when  long  carriage  by  land  or  sea  has  to  be  paid  for.  Riveted 
pipes  are  made  of  all  diameters  from  8  in.  upwards,  and  although 
diameters  exceeding  3  ft.  are  seldom  required  they  are  occasionally 
— as  for  conveying  large  volumes  of  water  with  little  or  no  head  or 
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pressure — made  up  to  10  ft.  diameter.  For  well-sinking,  or  for  pur- 
poses where  the  pipes  have  to  be  frequently  handled  or  changed, 
the  riveted  pipes  are  usually  made  in  lengths  of  about  10  ft.,  but 
for  permanent  work  and  where  no  difficulties  in  carriage  and  stowage 
arise  they  can  be  made  of  any  length  up  to  25  ft.  For  sea  carriage 
single  pipes  incur  heavy  freight  by  measurement  tonnage,  and  it  is 
desirable  therefore  to  arrange  for  different  diameters  to  be  shipped 
at  the  same  time  so  that  the  small  pipes  can  be  "  nested "  in  the 
larger  ones,  a  difference  in  diameter  of  2  in.  or  3  in.  being  neces- 
sary for  this  purpose.  Where  this  is  not  possible,  a  savmg  in  freight 
is  sometimes  attained  by  leaving  the  riveting  of  some  of  the  pipes, 
say  of  one-half  or  one-third  of  the  total  number  required,  to  be  done 
after  arrival;  these  pipes,  after  having  been  formed  and  punched 
for  the  rivets,  being  stretched  open  for  the  nesting  of  one  or  two 
pipes  within.  Riveted  pipes  generally  cost  about  double  the  price 
current  for  the  plates  or  sheets  of  which  they  are  made*  The 
lengths  of  pipe  are  jointed  by  simple  forms  of  socket  and  spigot 
or  by  flanges,  the  latter  method  being  necessary  for  high  pressures. 
Projecting  rivet  heads  and  lapped  joints  are  sometimes  objected 
to  as  obstructing  the  flow  of  water  and  increasing  the  opportunities 
for  incrustation  or  deposit.  To  meet  such  cases,  the  pipes  can  be 
welded  with  a  flush  surface  inside  and  outside,  special  machine 
processes  being  available  for  this  purpose,  the  heating  being  effected 
either  by  an  electric  current  or  gas  jets. 

Wrought-iron  pipes  may  be  jointed  by  enclosing  the  ends  in  a  short 
piece  of  pipe  of  larger  diameter,  and  caulking  the  annular  space  with 
lead.  This  plan  only  suffices  for  very  low  pressures  of  water  or  gas. 
What  is  known  as  the  "  Kimberley  joint "  affords  a  stronger  junction, 
as  internal  pressure  tightens  the  pipes  against  the  caulking  material. 

In  France,  wrought-iron  pipes  of  a  peculiar  kind  are  made,  and 
have  been  largely  used  on  the  Continent  for  mains  in  the  streets,  not 
only  for  conveying  gas,  but  also  for  water  of  moderate  pressure. 
The  pipes  are  made  of  sheet  iron  coated  on  both  sides  with  lead 
(ternc'plates)^  and  the  seams  after  being  riveted  are  soldered.  The 
pipes  are  then  covered  outside  with  a  thick  coating  of  bitumen. 
These  pipes  are  light  for  carriage,  will  withstand  considerable  in- 
ternal pressure,  will  bend  rather  than  break,  and  are  durable  against 
corrosion.  They  are  not,  however,  so  strong  against  outside  pret* 
sure  and  the  shocks  of  street  traffic  as  cast  iron,  and  will  not  with- 
stand high  internal  pressure.     These  composite  pipes  are  made  in 
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lengths  of  4  metres,  and,  one  end  being  slightly  distended  to  form  a 
socket,  a  joint  is  made  by  driving  with  a  mallet  the  end  of  another 
pipe  into  it,  the  latter  having  the  bitumen  partly  cut  away  and  a 
groove  left  for  a  ring  of  hemp  and  tallow.  The  pipes  are  sold  by 
measure  of  length,  and  cost  in  France  rather  more  than  cast-iron 
pipes  cost  in  England;  but  they  are  light  for  carriage,  and  are 
cheaper  in  many  parts  of  the  Continent  than  cast-iron  pipes  made  in 
a  local  foundry  or  brought  from  a  distance.  Pipes  of  a  somewhat 
similar  kind,  lined  inside  with  asphalt,  have  been  used  in  Australia 
and  elsewhere. 
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Tubes  are  made  of  iron,  steel,  copper  or  brass,  and  by  engineers 
are  used  principally  for  multitubular  boilers,  as  the  component  parts 
of  tubulous  boilers  and  bicycles,  as  refrigerating  tubes  in  surface 
condensers,  and  as  pipes  for  conveying  steam,  water  and  gas.  Iron 
and  steel  tubes  are  made  by  bending  strips  of  these  metals  into  the 
desired  form  and  welding  the  edges  either  by  a  lapping  joint  or  by  a 
butting  joint.  Since  1880  weldless  steel  tubes  have  been  made  in 
increasing  quantities,  especially  for  diameters  exceeding  2  inches. 

The  small  diameter  of  tubes  render  them  very  strong  against 
either  external  or  internal  pressure — even  a  moderate  thickness  of 
metal  having  a  tenacity  great  in  comparison  to  the  strains  which, 
under  ordinary  treatment,  the  small  surface  area  exposed  can  bring 
upon  it.  Indeed,  the  thickness  of  tubes  is  often  much  in  excess  of 
what  the  pressure  would  require,  and  is  determined  by  secondary 
reasons.  Thus,  in  tubes  used  for  conveying  steam,  gas  or  water,  the 
connections  are  generally  made  by  screw  sockets  or  couplings,  and, 
as  the  screw-thread  is  cut  into  the  metal,  the  latter  must  be  thick  and 
strong  enough  to  allow  for  such  a  diminution  of  substance.  But  for 
tubes  used  in  boilers  and  surface  condensers,  it  is  important  that  the 
metal  shall  be  as  thin  as  possible,  so  as  to  transmit  heat  readily ;  and 
as  such  tubes  do  not  require  a  thread  cut  into  them,  they  can  be 
made  of  the  minimum  thickness  which,  with  a  proper  margin  of 
safety,  the  strains  upon  them  require.  But  being  thus  made  thin, 
there  is  not  sufficient  contact  surface  on  the  edges  to  allow  an 
effective  butt-weld,  and  such  tubes — if  of  iron  or  steel — are  lap- 
welded,  while  the  thicker  tubes  with  screwed  ends  may  be  butt- 
welded,  which  costs  less  than  lap-welding,  but  is  not  generally  con- 
sidered so  secure.  The  ordinary  iron  tubes  sold  by  makers  of  repute 
without  any  special  stipulation  as  to  quality,  and  used  principally  as 
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gas-pipes,  are  strong  enough  also  for  steam  or  water  with  a  working 
pressure  of  to  to  20  lbs.  to  the  inch.  But  as  the  failure  of  tubes  arises 
from  flaws  in  the  iron  or  imperfect  welding,  which  are  revealed  even 
by  moderate  pressure,  and  as,  if  there  be  no  such  defects,  the  iron  is 
thick  and  strong  enough  to  withstand  considerable  strains,  it  will 
generally  be  found  that  the  tubes  which  will  endure  20  lbs.  pressure 
will  endure  much  more ;  but  for  higher  working  pressures  than  20  lbs. 
it  is  expedient  to  state  the  purpose  and  to  stipulate  for  tubes  of 
guaranteed  strength.  Thus,  for  iron  tubes  used  in  the  boilers  of 
locomotives,  an  internal  pressure  of  800  lbs.  and  an  external  pressure 
of  250  lbs.  are  sometimes  specified  as  tests  to  be  endured  without 
fracture.  The  thickness  of  the  tubes  has  to  be  increased  according 
to  the  diameter,  and  even  of  the  same  diameter  different  thicknesses 
are  made,  according  to  the  purpose  in  view. 

Extra  strong  lap-welded  tubes  up  to  about  6  in.  diameter  are 
made  for  use  as  "  pipe  lines "  for  conveying  oil.  In  this  case  the 
thickness  of  the  tubes  must  accord  with  the  hydraulic  head  or  pres- 
sure, which  varies  with  the  contour  of  the  country  along  which  the 
tubes  are  laid.  These  lines  of  pipes  are  sometimes  100  miles  long, 
and  it  is  usual  to  arrange  them  in  sections  of  10  or  20  miles,  with 
occasional  relief  valves  and  outlets.  Still  stronger  tubes  are  used  for 
well-sinking,  where  they  have  to  be  forced  or  screwed  into  the 
ground  or  inserted  as  revolving  shafts  with  the  diamond  drill.  The 
strongest  tubes  of  all  are  those  made  specially  for  conveying  water 
for  hydraulic  machines,  the  working  pressure  for  such  purposes 
ranging  from  500  lbs.  to  8000  lbs.  per  square  inch. 

Steel  has  not  superseded  iron  for  welded  tubes  to  the  same  great 
extent  as  in  some  other  kinds  of  engineering  material.  This  is  partly 
due  to  the  superiority  of  iron  for  safe  welding,  to  its  greater  endurance 
against  extreme  heat  and  changes  of  heat,  as  in  boilers  or  against 
rust,  and  even  more  to  the  fact  that  little  saving  is  to  be  obtained  by 
reduced  weight.  The  advantages  afforded  by  steel  become  more 
apparent  even  in  the  welded  tubes  where  a  diameter  of  2  in.  is  ex- 
ceeded, while  for  weldless  tubes  steel  alone  affords  the  necessary 
ductility  for  the  process  by  which  they  are  made.  A  steel  ingot  of 
cylindrical  shape,  having  a  hole  cast  or  drilled  in  it,  is  elongated  and 
made  thinner  by  a  succession  of  passes  through  powerful  rollers, 
which  squeeze  the  metal  against  the  mandril  on  which  the  operation 
takes  place. 

A  great  impetus  has  been  given  to  the  manufacture  of  steel  tubes 
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by  their  use  in  the  framework  of  bicycles  for  diameters  between  J  in. 
and  2  in.,  and  where  lightness  combined  with  strength  is  a  primary 
consideration,  and  also  as  the  component  parts  of  tubulous  boilers. 
For  this  latter  purpose  tubes  of  diameters  ranging  from  i  in.  to  a  in. 
are  usual  in  boilers  of  the  Belleville  type,  and  those  with  diameters 
of  6  in.  to  10  in.  for  land  boilers.  Weldless  tubes  are  also  used  for 
artesian  wells,  the  tubes  being  inserted  either  by  blows  from  a  failing 
weight,  or,  as  in  the  case  of  the  diamond  drill,  by  using  them  as 
revolving  shafts.  Long  lap- welded  iron  tubes  made  taper  are  used 
as  poles  for  supporting  electric  conductors. 

Well-made  tubes  seldom  burst  from  internal  pressure  unless  they  • 
are  weakened  by  corrosion,  but  tubes  badly  welded,  or'  made  of 
inferior  material,  will  sometimes  tear  open,  especially  under  great 
pressure.  Tubes  of  inferior  iron  have  often  minute  surface  cracks, 
which  develop  under  heat  or  pressure  and  tear  open.  Boiler-tubes 
are  tne  kind  most  liable  to  failure ;  their  durability  is  in  any  case 
limited  by  the  severe  service  they  perform,  and  if  of  inferior  quality, 
or  if  not  renewed  in  time,  they  will  fail  by  bursting,  burning,  or 
by  tearing  from  the  plates  which  hold  them. 

Iron  tubes  are  of  the  kind  generally  employed  for  multitubular 
marine  boilers  of  the  Scotch  type,  though  brass  tubes  are  used  for 
such  boilers  in  the  Royal  Navy.  These  brass  tubes  range  from  2  J  in. 
to  4  in.  external  diameter,  and  the  thickness  from  No.  7  to  No.  1 1 
Imperial  Standard  gauge.  Brass  and  copper  tubes  are  either 
rolled  by  machinery  and  the  edges  brazed  together,  or  they  are 
drawn  in  such  a  way  as  to  be  seamless.  The  latter  plan,  formerly 
very  expensive,  has  been  cheapened,  and  the  tubes  so  made  tend 
to  supersede  the  brazed  tubes.  From  J  in.  to  5  in.  external  dia- 
meter are  the  usual  limits  of  size  for  brazed  tubes,  and  beyond  these 
sizes  they  are  made  by  coppersmiths,  and  not  by  tube-makers.  Solid 
drawn  copper  tubes  are  made  up  to  9  in.  diameter.  Solid  drawn 
brass  tubes  are  made  of  all  sizes  between  J  in.  and  4  in.  external 
diameter.  The  quality  of  brass  tubes  depends  not  only  on  the  manu- 
facture, but  on  the  alloy  of  the  brass.  Different  alloys  are  used  for 
different  purposes,  but  from  67  to  70  parts  of  copper  to  30  to  33  parts 
of  zinc  embrace  almost  all  the  combinations  ;  but  these  metals  must 
be  pure  to  make  good  brass. 

The  occasional  failure,  under  disastrous  circumstances,  of  the 
brazed  joints  of  large  copper  pipes  in  marine  engines  has  led  to  the 
use  in  certain  cases  of  homogeneous  pipes  made  of  copi>er  electro 
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deposited  by  the  Elmore  process  on  a  revolving  mandril,  the  copper 
being  compressed  and  strengthened  by  a  rubbing  tool  as  it  is  deposited. 
This  plan  is  only  available  for  pipes  of  simple  cylindrical  form. 

Tubes  are  usually  made  in  lengths  of  from  14  ft.  to  16  ft,  and 
are  sold  by  lineal  measure.  The  prices  for  ordinary  iron  tubes 
range  from  about  2d,  per  foot  for  \  in.  internal  diameter  to  4//.  per 
foot  for  I  in,  diameter,  \od.  for  2  in.,  increasing  to  about  3^.  dd, 
for  4  in.  diameter,  and  9X.  for  10  in.  diameter.  But  the  great 
majority  of  tubes  sold  are  less  than  4  in.  diameter,  and  the  larger 
sixes  are  used  for  the  various  special  purposes  named  above.  The 
prices  of  tubes  being  stated  according  to  so  small  a  measure  of 
quantity  as  one  foot,  ordinary  money  units  of  pence  and  farthings 
are  insufficient  to  express  small  gradations  or  fluctuations  in  price, 
and  it  is  the  custom  of  the  trade  in  England  to  adjust  prices  by 
percentages.  Instead,  therefore  of  altering  price-lists  from  time  to 
time,  printed  lists  are  establishea  which  remain  in  force  for  years, 
the  actual  price  at  any  particular  time  being  arrived  at  by  deducting 
the  discount  which  is  then  current.  The  printed  prices  were  (1897-8) 
about  double  those  stated  above,  but  are  subject  to  discounts  which 
during  the  twenty  years  ending  1897  have  ranged  from  20  per  cent. 
*o  75  per  cent,  according  to  circumstances.  Iron  or  steel  tubes  may 
by  a  sixxial  process  be  coated  inside  with  enamel,  but  as  this  about 
doubles  the  cost,  the  expense  is  seldom  incurred  except  when  the 
tubes  are  used  for  conveying  corrosive  liquids.  Tubes  may  be 
coated  with  a  bituminous  mixture  inside  and  out  for  an  extra  cost  of 
about  3  per  cent.,  or  galvanised  for  about  10  per  cent.  Small  copper 
tubes  of  about  }  in.  external  diameter  and  about  18  S.W.G.  thick,  as 
used  for  surface-condensers,  and  larger  sizes,  as  used  for  refrigerators 
in  breweries,  are  sometimes  tinned  inside. 

Each  length  of  tube — if  for  gas,  water,  or  steam — is  screwed  at 
each  end  ;  this,  with  the  supply  of  one  connecting-socket,  being 
included  in  the  price  per  foot.  Boiler-tubes  are  supplied  perfectly 
plain,  without  any  screwing  or  other  work  upon  them,  and  are  held 
in  place  by  passing  them  through  a  plate  and  expanding  them  in  the 
hole,  a  taper  ferrule  being  afterwards  driven  into  the  tube.  To 
allow  of  this  being  done  without  damaging  the  iron,  the  end  of  the 
tube  is  generally  softened  by  annealing.  Iron  tubes  with  brass  or 
copper  ends  are  often  used  in  locomotives,  as  the  iron,  if  attached 
directly  to  a  copper  fire-box,  does  not  form  a  permanently  good 
joint.     Copper  and  brass  tubes  (also  without  screw-thread)  are  sold 
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by  weight,  the  price  varying  with  the  current  prices  of  these  metals 
from  9//.  to  1 21/.  per  lb. 
Choice  of  tube*.  In  purchasing  tubes,  the  purpose  for  which  they  are  to  be  used 

should  be  stated ;  if  of  iron,  whether  lap  or  butt  welded,  and  if  of 
brass  or  copper,  whether  brazed  or  seamless.  The  exact  length  or 
the  limits  of  length  should  also  be  stated.  Bends,  tees,  and  other 
connections,  of  which  there  is  very  great  variety,  are  sold  at  prices 
per  piece.  It  is  also  necessary  to  state  whether  the  diameter  given 
is  external  or  internal  and  (except  for  gas  tubes)  the  thickness,  as 
there  is  no  established  rule  as  to  what  is  meant  when  merely  the 
diameter  is  stated. 

[See also  Steam  Engines:   Transmission  of  Power:  Water- 
Works.] 
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In  previous  chapters,  re- 
ference has  been  made  to 
,  the  inception  of  Railway 
schemes,  and  to  the  prc- 
;  liminary  steps  necessary  to 
I  carr)'ing  them  out.  Even 
in  the  first  equipment  of  a 
railway  with  material  and 
rolling-stock,  the  engineer 
i  remote  from  the  place  of  manufacture,  always 
all  the  conditions  which  determine  choice,  nor 
has  he  always  ready  access  to  the  terms  current  for  the  purchase  of 
material.  It  is  sometimes  difficult,  also,  after  a  railway  is  in  operation 
to  ascertain  in  the  case  of  extensions  or  renewals  what  conditions 
of  puicha-se  are  necessary  to  obtain  the  best  result.  It  is  attempted 
in  the  following  pages  to  indicate  those  particulars  which  are  neces- 
sary to  the  proper  choice  and  purchase  of  the  various  kinds  of  Rail- 
way Kquipment. 

The  "  Permanent- Way  "  is  in  Great  Britain  the  general  name  given 
to  the  track  or  road  on  which  the  trains  run,  and  its  maintenance,  with 
that  of  the  bridges  and  other  structures  on  the  railway,  forms  the  chief 
duty  of  the  Engineer  as  distinct  from  those  of  the  Locomotive  Super- 
ii:tendent,  who  maintains  and  controls  the  Motive  Power  and  rolling- 
stock.  There  are  various  kinds  of  permanent- way,  differing  not  only 
according  to  the  system  of  construction,  but  also  in  regard  to  the 
strength  and  durability  of  the  various  jiarts,  as  determined  by  the 
nature  of  the  traffic,  the  exigencies  of  climate,  and  by  the  money 
available.     \Vhatever  be  the  kind  of  track,  it  is  made  up  of  numerous 
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parts,  and,  although  some  of  these  may  appear  unimportant,  every 
one  has  to  be  repeated  so  many  times  that  a  right  selection  of  even 
the  smallest  detail  acquires  an  extreme  importance,  and,  once  estab- 
lished, is  changed  only  with  reluctance. 

Rculs  of  various  shapes  and  sizes  have  been  tried,  but  three  prin- 
cipal kinds  were  established  in  the  early  days  of  Railways,  and  have 
formed  the  rudimentary  types  from  which  most  of  the  patterns  since 
adopted  have  been  developed.  These  are  the  Double-headed  rail, 
the  VignoUs  or  Flange  rail,  and  the  Bridge  rail.  The  double-headed 
rail,  so  extensively  used  in  Great  Britain  and  sometimes  in  France, 
and  other  continental  countries  where  railways  were  first  constructed 
by  English  engineers,  was  adopted  not  only  because  of  the  strength 
it  afforded,  but  also  for  the  supposed  advantage  of  allowing  both 
faces  to  be  used.  This  pattern  of  rail  would  not,  however,  have  been 
retained  as  a  leading  type  if  there  had  been  no  other  reason ;  for  it 
was  found  that  the  lower  face  became  so  indented  by  the  chairs  on 
which  the  rail  rested,  as  to  be  unfit  for  an  upper  surface,  unless  the 
rail  were  turned  over  so  frequently  as  to  prevent  such  indentations. 
The  inconvenience  and  expense  of  this  turning  proved  so  great  that 
the  custom  was  soon  abandoned.  For  roads  laid  on  cross  sleepers, 
the  double-headed  rail  affords  the  great  strength  as  a  girder  which  is 
required  between  the  sleepers,  but  as  there  is  no  longer  the  same 
necessity  for  having  the  top  and  bottom  of  the  rail  precisely  alike, 
the  upper  bulb  which  is  abraded  by  the  wheels  is  now  made  larger 
than  the  lower  bulb,  and  these  "  bull-head  "  rails,  as  they  are  termed, 
have  become  almost  universal  in  Great  Britain.  One  important  point 
of  difference  between  the  double-headed  rail  and  almost  all  other 
kinds  is  that  the  former  requires  iron  chairs ;  and  the  trade  in  railway 
chairs  would  be  at  an  end  if  this  form  of  rail  were  discarded. 
Broadly  it  may  be  said  that  the  double-head  rail  is  used  exclusively 
in  Great  Britain,  and  the  flange  rail  almost  everywhere  else. 

The  Vignoles  ox  flange  rail  is  suited  either  for  longitudinal  or  cross 
sleepers,  and  is  deemed  to  have  a  sufficiently  stable  base  without  chairs. 
Under  heavy  traffic,  however,  the  flange  of  the  rail  presses  into  the 
wood,  and  it  is  becoming  usual  in  the  United  States  to  interpose 
a  steel  plate,  although  the  case  is  partly  met  by  laying  the  ties 
or  sleepers,  which  are  cheap  in  America,  closer  than  is  usual  in 
England.  Flange  rails  are  generally  fastened  to  the  sleeper  by 
spikes  driven  into  the  sleeper  and  gripping  the  edge  of  the  flange. 

The  Bridge  rail  has  been  preferred  by  some  engineers  as  being 
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more  symmetrical,  and  as  having  its  wearing  parts  better  supported 
than,  as  in  a  flange  rail,  by  a  single  web.  Bridge  rails  need  longitu- 
dinal sleepers,  this  being  the  plan  which  was  adopted  on  the  Great 
Western  Railway  in  England,  where  this  form  of  rail  was  first  intro- 
duced by  Brunei  for  the  7-ft.  gauge.  Having  thus  a  continuous  support, 
much  less  strength  was  needed  in  the  rail  than  where  it  had  to  span, 
as  a  girder,  between  cross-sleepers ;  consequently,  bridge  rails,  even 
for  heavy  traffic,  were  usually  only  about  two-thirds  the  depth  and 
weight  of  double-head  or  flange  rails.  Bridge  rails  are  spiked  down 
to  the  sleepers,  and  at  the  junction  of  two  rails  they  rest  upon  a  base 
plate,  which  covers  the  joint.  Such  a  connection  is,  however,  inferior 
to  the  fishing-joint  of  flange  or  double-head  rails,  and  longitudinal 
sleepers  and  rails  so  arranged,  though  allowing  smooth  running,  were 
costly  to  maintain,  for  they  needed  constant  attention,  not  only,  as  on 
all  kinds  of  permanent- way,  by  adjusting  the  ballast,  but  by  wedging 
and  packing  between  the  rail  and  the  sleeper.  Since  the  narrowing 
of  the  G.W.  broad  gauge  took  place,  bridge  rails  are  used  on  very  few 
railways.  Bridge  rails  of  small  light  section  were  formerly  much  used 
for  tramways  in  and  about  mines,  and  are  still  so  used,  but  they 
have  been  largely  superseded  by  flange  rails.  There  is  rather  more 
labour  in  the  production  of  bridge  rails  than  of  other  kinds,  and  they 
are  generally  a  few  shiUings  per  ton  dearer.  Old  iron  rails  of  bridge 
form  are  considered  more  valuable  as  material  for  reworking  than 
other  kinds. 

The  Barlow  rail,  which  may  be  considered  as  a  development  of 
the  bridge  rail,  was  at  one  time  extensively  used.  Its  wide  base  gives 
stability  not  only  to  the  rail  itself  but  to  the  whole  permanent-way, 
and  it  is  more  independent  of  sleeper  supports  than  any  other  kind. 
Indeed,  it  has  in  some  instances  been  laid  directly  on  the  ballast  to 
form  rail  and  sleeper  in  one,  although  generally  it  is  laid  on  longi- 
tudinal timbers.  But  when  laid  directly  on  the  ballast  it  needs 
constant  adjustment,  and  this  circumstance,  as  well  as  certain  in- 
conveniences in  regard  to  points  and  crossings,  and  also  in  the 
manufacture  of  the  rail,  led  to  its  abandonment,  and  although  still 
made  in  small  quantities  for  special  purposes,  it  is  seldom  employed 
on  railways.  It  has  been  used  on  some  railways  as  a  cross-sleeper ; 
in  some  cases  also  on  locomotive  turn-tables ;  piles  have  been  made 
by  riveting  two  rails  together,  flange  to  flange;  and  as  the  upper 
flange  plate  of  a  box-girder,  it  forms  an  effective  beam  for  a  travelling 
crane. 
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The  two  greatest  improvements  which  have  been  introduced  in 
connection  with  rails  since  railways  were  established  are  the  Fishing- 
joint,  and  the  use  of  Steel  instead  of  Iron.  In  the  early  days  of  rail- 
ways the  joint  was  made  by  merely  bringing  the  ends  of  two  rails 
into  one  wide  chair,  but  the  connection  was  too  weak,  and  was  a 
source  of  danger  when  the  rails  were  subjected  to  severe  shocks. 
It  is  hardly  necessary  to  state  how  immensely  the  fishing-plates  add 
to  the  strength  of  a  rail-joint,  but  they  have  the  defect  that  there  is 
in  rails  resting  on  chairs,  no  room  for  the  fishing-plates  at  the  places 
of  support,  and  the  rail,  not  being  so  strong  at  the  suspended  joint, 
yields  slightly  under  the  passage  of  heavy  locomotives.  Fishing- 
plates,  both  for  double-head  and  flange  rails,  have  been  strengthened 
by  making  them  deeper,  the  increased  strength  being  obtained  not 
by  an  actual  grip  at  the  under  part  of  the  rail,  but  by  the  greater 
depth  given  to  the  fishing-plate.  The  "  bull-head  "  rails  are  conve- 
nient for  this  method  of  jointing ;  but  the  flange  rail  is  also  so  jointed, 
the  fishing-plate  coming  down  to  the  edges  of  the  flange  and  even 
below  it.  Even  with  these  deei>er  plates,  however,  the  rail  is  still 
w^eaker  at  the  joints  than  elsewhere.  It  has  been  sought  on  some 
railways  to  overcome  this  difficulty  by  a  sjxjcial  combination  of  cast- 
iron  chair  with  the  steel  fishing-plates,  the  whole  resting  on  the 
sleeper,  but  the  details  of  this  method  have  not  proved  entirely 
satisfactory.  The  deep  fishing-plate  is  obtrusive  and  inconvenient, 
and,  finding  that  it  does  not  give  all  the  strength  expected,  there  has 
been  a  return  on  some  railways  to  the  original  narrow  form,  the  plates 
being  made  rather  thicker  than  before.  The  need  for  constant 
tightening  up  of  the  fishing-bolts  has  led  to  the  use  on  some  railways 
of  serrated  washers  and  other  devices  for  preventing  the  loosening  of 
the  nuts  under  the  stress  of  traffic.  No  kind  of  washer  has,  however, 
proved  effective  for  this  purpose,  and  as  it  is  found  that  the  screwing 
up  of  the  nuts  is  in  any  case  necessary  to  compensate  for  the  gradual 
stretching  of  the  bolts,  washers  have,  on  some  railways,  been  discarded 
altogether,  and  nuts  used  which  have  an  initial  grip  preventing  them 
from  slipping  back.  These  nuts,  after  the  screw-thread  has  been 
formed  in  them,  are  sawn  at  four  points  for  a  portion  of  their  depth 
and  then  squeezed  in  a  press  so  as  to  constrict  the  diameter  of  the 
hole.  When  by  extra  force  in  screwing-up  this  constriction  is  over- 
come the  nut  holds  tightly  enough  and  will  not  slack  back. 

The  Bessemer  inventions  by  which  iron  is  converted  into  ^eel 
rai)idly,  chcai)ly,  and  in  large  quantities,  without  the  elaborate  pro- 
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cesses  necessary  in  making  wrought  iron,  have  had  their  principal 
application  and  success  in  rails.     Indeed,  the  introduction  of  steel 
rails  has  subjected  the  whole  trade  to  a  change  unparalleled  probably 
in  any  other  branch  of  industry ;  new  standards  of  excellence  have 
been  inaugurated,  and,  with  them^  new  conditions  of  purchase.     The 
methods  of  manufacture  are   really  simpler  and  cheaper  for  steel 
than  for  iron ;   and  iron   rails  may  be  considered  as  superseded. 
The   steel  rail  has  greater  strength  as  a  girder ;  it   offers  greater 
resistance  to  crushing ;  and  its  surface  will  endure  abrasion  longer. 
Steel  rails  not  only  wear  out  more  slowly  but  more  evenly  than 
those  of  wrought  iron ;   the   latter,  being   composed  of  numerous 
pieces  of  iron  "  piled "  together,  laminate  under  the  action  of  the 
trains,  and  the  lurching  of  heavy  engines  shears  long  flakes  off  the 
heads ;  while  steel,  being  homogeneous,  only  yields  to  traffic  by  the 
uniform   abrasion   of  each    particle.      Those   steel  rails  wear    out 
quickest   which  are   most   subject    to  the    influence  of  sand  and 
skidded  wheels.     The  less  frequent  expenditure  in  relaying  the  more 
durable  steel  rails,  and  the  fewer  interruptions  by  platelayers  to  pass- 
ing trains,  especially  at  station  sidings  and  junctions  where  the  traffic 
is  great,  are  advantages  which  are  now  universally  acknowledged. 
Steel  rails  will  not  bear  the  operation  of  hole-punching  without  in- 
jury ;  and  even  drilled  holes  weaken  steel  more  than  iron.     It  has 
been  usual  to  notch  the  edges  of  flange  rails  for  some  of  the  spikes, 
so  that  the  latter  may  prevent  any  longitudinal  "  travel "  of  the  rail 
in  the  direction  of  the  traffic ;  but  even  this  notching  of  the  flange 
weakens  the  rail,  and  such  notches  should  be  only  at  the  ends,  or 
avoided  altogether  in  the  rail,  and  made  in  the  fishing-plate  when  it 
projects  enough  to  allow  it.     It  is  generally  expedient  to  adopt  some 
existing  pattern  of  rail,  if  the  quantity  required  be  too  small  to  justify 
the  cost  of  new  rolls,  and  the  pattern-books  of  manufacturers  allow  of 
ample  choice.    Every  railway  company  has  its  own  pattern  of  rail,  but 
it  would  be  a  further  advantage  if  standard  patterns  could  be  agreed 
upon  by  railway  engineers  generally,  as  makers  could  then  roll  rails 
and  store  them  for  sale  afterwards,  which,  without  established  stan- 
dards, they  cannot  venture  to  do. 

Fig.  164  shows  the  standard  rail  of  the  Midland  Railway  (Eng- 
land) in  1898.  These  rails  weigh  103  lbs.  per  yard,  and  are  laid  in 
lengths  of  36  ft.,  upon  cast-iron  chairs  weighing  54  lbs.,  which  have  a 
bearing  area  on  the  sleei)ers  of  no  square  inches.  The  fishing- plates 
are  20  inches  long  and  weigh  36  lbs.  i>er  pair.     The  bolts  have  grip- 
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nuts  (Fig.  169)  without  washers.     Each  chair  is  fixed  to  the  sleeper 
by  two  trenails  and  two  spikes. 

On  important  lines  the  use  of  heavy  engines  and  higher  speeds 
have  rendered  necessary  stronger  and  heavier  rails  than  formerly ;  for 
while  iron  rails  of  only  60  lbs.  to  the  yard  were  common  in  England 
in  i860,  and  in  America  till  1880,  heavy  steel  rails  of  90  and  even 
105  lbs.  had  in  1897  been  adopted  on  the  principal  railways  of 
England  and  the  United  States. 

Rails  are  always  sold  by  weight,  and  in  Great  Britain  by  the 
ton  of  20  cwt.  Steel  rails,  which  a  few  years  after  their  introduction 
became  cheaper  than  iron  rails,  have,  since  1885,  ranged  in  price  from 
£a  to  jQ6  per  ton  for  heavy  sections.  Fishing-plates  cost  from 
jQi  to  £2  per  ton  more  than  the  rails ;  fishing-bolts  ^10  more ; 
and  spikes  from  £6  to  ^8  more :  but  sometimes  both  rails  and 
accessories  are  included  in  one  average  price.  The  average  is 
generally  from  5^.  to  i^s,  j^er  ton  above  that  of  the  price  for  rails 
alone.  Light  rails  are  generally  made  in  shorter  pieces  than  heavy 
rails ;  more  fishing-plates  are  consequently  require^!,  and  the  propor- 
tionate weight  of  plates  and  fastenings  to  that  of  the  rails  is  greater. 

For  little  railways  of  2  ft  to  3  ft.  gauge,  rails  of  from  15  to  30  lbs. 
are  used ;  and  for  narrow-gauge  railways  of  from  3  ft.  to  3  ft.  6  in. 
gauge,  with  rolling  stock  of  moderate  weight,  rails  weighing  from 
30  to  50  lbs.  per  yard  are  sufficient.  Contractors*  rails  for  temporary 
use  are  made  of  all  weights,  from  10  to  40  lbs.  per  yard.  The  price 
of  light  rails  under  50  lbs.  per  yard  is  from  5X.  to  20s,  per  ton  more 
than  the  price  of  the  heavier  sections. 

Light  steel  rails  may  be  so  framed  together  with  sleepers  and 
ties  in  lengths  of  from  12  to  15  ft.,  as  to  form  a  portable  railway, 
which  may  be  readily  laid  down  or  removed  by  unskilled  workmen. 
These  railways  are  very  useful  for  manufactories,  brick-fields,  farms, 
plantations,  and  mines.  By  the  use  of  small  wagons,  weighing, 
when  loaded,  not  more  than  two  tons,  rails  of  10  lbs.  per  yard  are 
sufficient  for  railways  of  i8-in.  gauge ;  and  for  2-ft.  gauge,  rails  of  15  lbs. 
])er  yard  are  sufficient  for  the  safe  passage  of  locomotives  weighing 
four  tons,  and  capable  of  hauling  50  tons  on  a  level.  Railways,  as 
above  described,  cost  from  ^300  to  ;£^6oo  per  mile,  inclusive  of 
switches,  crossings,  turn-tables,  and  wagons,  according  to  the  exact 
weight  of  the  rails  and  current  pieces  of  materials.  If  the  capital 
outlay  can  be  afforded,  the  higher  price  is  the  cheajHJSt  in  the 
I)ermanent  advantages  it  affords. 
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Simple  as  the  definition  of  a  rail  would  appear  to  be,  a  bargain 
for  rails  is  an  example  of  the  importance  of  purchasers  affording  full 
information  of  their  wants.  If  a  manufacturer  be  merely  asked  the 
price  of  a  certain  quantity  of  rails  of  a  certain  section,  and  especially 
when,  as  is  often  the  case,  such  an  inquiry  comes  from  abroad,  no 
satisfactory  answer  can  be  given  without  a  full  specification  of  the 
conditions.  The  absence  of  such  a  specification  disinclines  manu- 
facturers from  paying  serious  attention  to  the  inquiry,  and  vague 
statements  are  alone  obtained,  unless,  with  full  particulars  of  the 
service  required,  the  decision  as  to  the  form  of  rail  be  left  to  an 
engineer,  or  to  the  manufacturer,  who  should  then  be  asked,  on  his 
part,  to  furnish  a  specification.  The  points  which  determine  the  price, 
and  on  which  information  should  be  furnished,  are  as  follows  : — 

1.  The  Section  of  rail  required  and  the  Weight  per  yard. 

2.  The  Limits  of  Difference  in  weight  above  and  below  that  specified 
within  which  the  rails  will  be  received.  A  margin  of  2  per  cent,  on 
single  rails  and  i  per  cent,  on  the  total  quantity  are  usual  limits. 

3.  The  Length,  of  the  rails  and  the  degree  of  accuracy  in  this 
respect  which  is  demanded.  Rails  weighing  not  less  than  50  lbs. 
per  yaid  are  generally  rolled  100  ft.  or  more  in  length  and  sawn  into 
lengths  of  24  ft.  or  30  ft,  while  lighter  rails  are  more  usually  sawn  to 
lengths  of  18  ft.  or  20  ft.  It  is  becoming  usual  on  some  of  the  prin- 
cipal railways  in  Great  Britain  and  the  United  States  to  use  longer 
rails,  those  weighing  more  than  90  lbs.  per  yard  being  in  such  cases 
laid  down  in  lengths  of  60  ft.  As  these  long  rails  weigh  from  1800 
to  2000  lbs.  each,  they  require  numerous  men  to  handle  them,  but 
they  afford  the  great  advantage  of  reducing  the  number  of  joints. 
A  tolerance  of  about  \  in.,  over  or  under  the  specified  dimension,  is 
usually  allowed.  Rails  100  ft.  long  are  sometimes  used  on  bridges. 
Rails  of  from  10  lbs.  to  40  lbs.  per  yard  are  usually  made  in  lengths 
of  18  ft.  to  20  ft.  In  rolling  rails,  a  certain  number  are  found  to  be 
short  or  defective  at  the  ends ;  and  in  such  a  case  it  is  economical 
to  cut  them  to  shorter  lengths  rather  than  to  waste  the  labour  already 
bestowed  on  them.  It  is  usual  for  the  purchaser  to  accept  these 
shorter  lengths,  if  of  certain  specified  dimensions,  and  if  they  do  not 
in  the  aggregate  exceed  10  per  cent,  of  the  whole  quantity.  Where 
such  a  concession  is  not  made  to  the  exigencies  of  manufacture,  an 
extra  price  of  from  5^'.  to  ioj.  per  ton  would  have  to  be  paid  for  the 
rails  of  standard  length,  to  recoup  the  maker  for  the  short  rails  which 
are  wasted. 
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4.  The  Tests  which  the  rails  must  satisfy.  Strength  and  hardness 
against  abrasion  without  brittleness  are  the  qualities  desired  in 
steel  rails,  and  these  are  ascertained  by  testing  a  certain  number  of 
rails  with  blows  from  a  steam-hammer,  and  bending  and  breaking 
others  by  a  falling  weight.  The  proportion  of  carbon  in  the  steel 
mainly  determines  the  degree  of  hardness,  and  some  percentage 
between  0*35  and  0*5  is  generally  adopted.  It  is  seldom  deemed 
prudent  to  exceed  this  maximum,  especially  for  rails  which  will  be 
exposed  to  intense  cold.  A  harder  steel  would  involve  risk  of 
brittleness,  would  also  be  slightly  dearer  in  price,  and  add  to  the  cost 
of  drilling  the  rails.  Sometimes  the  other  chemical  constituents  of 
the  steel  and  the  process  of  manufacture  are  also  specified,  but  it  is  a 
questionable  policy  to  bind  the  manufacturer  too  strictly  in  these 
respects  if  he  is  made  responsible  for  the  results  also.  Basic  steel  is, 
however,  often  prohibited.  Sometimes  a  guarantee  of  durability  for 
a  term  of  years  is  demanded ;  but  manufacturers  before  agreeing  to 
such  a  condition  require  full  and  trustworthy  information  as  to  the 
kind  and  amount  of  traffic. 

5.  The  kinds  and  quantities  of  fishing-plates,  bolts,  spikes,  or 
other  Accessories  which  are  required.  Great  care  is  necessary  in 
arranging  the  holes  in  the  rail  to  suit  the  fishing-plates  and  to  ensure 
the  proper,  position  and  jointing  of  the  rails  when  laid  in  place,  and 
these  points  should  be  exactly  specified.  Due  accordance  of  the 
holes,  plates,  and  bolts  having  been  arrived  at,  uniformity  is  main- 
tained by  working  to  templates  and  applying  gauges  to  every  rail. 
Surplus  fastenings  are  generally  provided ;  5  per  cent,  extra  fishing- 
plates  and  10  per  cent,  extra  bolts  and  spikes  being  usual  quantities. 

6.  The  place  and  periods  of  Delivery,  The  expenses  of  transport 
bear  a  considerable  proportion  to  the  total  cost  of  rails  exported,  and 
it  is  to  the  purchaser's  advantage  in  inviting  tenders  to  give  the  option 
of  several  shipping  ports,  so  as  to  suit  the  localities  of  the  different 
manufacturers. 

Some  of  the  foregoing  conditions  may  be  left  to  the  discretion  of 
the  engineer  or  agent  who  purchases  the  rails,  or  even  to  that  of  the 
manufacturer ;  but  it  is  then  necessary  that  those  who  have  to  select 
or  design  the  rails  should  be  acquainted  with  the  circumstances  on 
which  the  choice  must  depend,  viz. — 

The  gauge  of  the  railway  ;  the  kind  and  quality  of  the  permanent- 
way  and  ballast  ;  the  kind  and  arrangement  of  the  sleepers  (or  free 
scoi)e  to  design  these  also) ;  the  radius  and  frequency  of  the  sharpest 
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Weight  of 
engines. 


Seepage  ^iZ' 


curves ;  the  kind  of  locomotives  in  use,  their  weight  when  loaded,  the  Curves. 

length  of  rigid  wheel-base  on  which  the  load  is  distributed  and  the 

maximum  weight  imposed  by  any  one  pair  of  wheels;  the  section 

of  the  wheel  tires  to  which  the  head  of  the  rail  must  conform ;  the 

probability  of  sand  being  frequently  used  (for  the  use  of  sand  on 

slippery  rails   on   steep   inclines,  and   the   skidding  of  the  wheels, 

rapidly  wear  out  the   rails) ;    the  nature  and  probable  amount  of  Amount  of  traffic. 

traffic  per  day  which  is  expected  to  pass  over  the  rails,  and  at  what 

speed.     Of  course,  where  the  rails  are  for  a  railway  where  patterns, 

rules,  and  conditions  have  been  established  and  are  well  known,  it 

may  be  sufficient,  when  making  a  bargain,  to  stipulate  for  the  usual 

pattern  and  the  usual  conditions ;    but  these  conditions,  even  if  well 

known,  should  be  recited  in  each  case  before  an  absolute  contract 

is  made. 


Chairs  are  required  principally  for  double-headed  rails  which  lie 
on  cross-sleepers,  but  as  this  form  of  rail  is  not  largely  used  except  in 
Great  Britain,  the  quantity  of  chairs  exported  is  small  in  proportion 
to  that  of  rails.  Chairs  are  made  of  cast  iron,  special  machinery  is 
used  in  the  foundry  for  moulding  them,  and  a  much  larger  tonnage 
can  be  produced  in  a  given  time  by  a  certain  number  of  men  than 
is  possible  with  other  castings,  even  of  a  simpler  form,  made  by  hand. 
The  cost  of  production  is  proportionately  low,  and  there  are  several 
foundries  in  England  producing  more  than  1000  tons  of  chairs 
weekly. 

The  selling  price  of  chairs  ranges  from  ;;^i  to  jQ2  above  that 
current  for  pig-iron,  so  that  when  pig-iron  is  at  ;^2,  ordinary  chairs 
can  be  purchased  for  from  jQ^  to  ^4.  Chairs  are  made  of  size  and 
weight  according  to  the  size  of  the  rails,  the  distance  apart  of  the 
sleepers,  and  the  weight  and  speed  of  the  engines.  On  British 
railways  of  the  standard  gauge,  sleepers  are  generally  placed  from 
28  in.  to  39  in.  apart,  and  the  chairs  weigh  from  30  to  55  lbs.  each. 
Locomotives  are  heavier  than  in  the  earlier  days  of  railways ;  a  larger 
bearing  surface  than  formerly  is  needed  for  the  rail ;  and  the  area  of 
the  base  of  the  chair  is  therefore  larger  than  formerly.  It  is  on  the 
main  lines  of  railway,  exposed  to  constant  and  heavy  traffic,  that 
chairs  weighing  more  than  35  lbs.  are  used.  Chairs  are  seldom  used 
for  flange  rails,  as  these  are  held  down  to  the  sleepers  by  spikes, 
fang-bolts  or  clips;  and  chairs  are  still  less  necessary  for  bridge- 
rails   laid   on   longitudinal   sleepers.      The   special    chairs    used   in 
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connection  with  points  and  crossings  are  supplied  by  the  makers  of 
these  articles.  In  buying  railway  chairs  it  is  usual  t6  specify  certain 
tests  by  which  the  quality  of  the  iron  may  be  ascertained. 

Chairs  are  fixed  to  wooden  sleepers  by  iron  spikes,  wooden  trenails, 
or  by  screws.  Iron  spikes  by  themselves  are  not  effective,  as  the  tremor 
caused  by  the  passing  of  trains  loosens  the  spike  and  causes  it  to  rise 
above  the  chair.  Hair-felt  about  \  in.  thick  is  on  some  railways 
placed  between  the  iron  chair  and  the  sleeper,  in  order  to  reduce  the 
concussion  under  heavy  traffic.  Trenails  are  about  6  in.  long,  made 
of  heart-of-oak,  and  are  turned  in  the  lathe  to  a  diameter  of  about 
i/^  in.,  and  then  squeezed  by  hydrauhc  pressure  to  a  diameter  of 
I J  in.  The  trenails  fit  tightly  into  holes  in  the  chairs,  through  which 
they  are  driven  into  the  sleeper,  and  the  lower  part  in  the  sleeper 
swells,  when  exposed  to  wet,  into  its  original  diameter,  so  that  it 
cannot  come  out  \  but  in  the  course  of  time  it  is  liable  to  rot  and 
break  off  at  the  neck  or  shoulder  below  the  chair.  On  the  principal 
British  railways  where  this  system  of  fastening  is  adopted,  two  trenails 
and  one  or  more  iron  spikes  are  used  for  each  chair.  Iron  spikes 
cost  from  J[^2  to  ^£'3  per  thousand,  or  from  ^^4  to  ^(>  per  ton  above 
the  current  price  for  ordinary  bar-iron.  Trenails  cost  about  ^4  per 
thousand.  On  some  lines  iron  or  steel  screws  are  used  instead  of 
trenails.  The  rail  is  held  in  the  chair  by  a  wooden  key  or  wedge, 
which  acts  as  a  cushion  to  deaden  the  percussion  of  the  passing  trains, 
and  which  can  be  driven  in  and  tightened  from  time  to  time  as  it 
shakes  loose.  The  keys  are  generally  made  of  fir  wood  compressed, 
and  those  of  a  size  suitable  for  a  standard-gauge  railway  cost  about 
£^^  per  thousand  (fir),  J[^'j  (elm),  and  £^%  (oak).  Various  kinds  of 
metallic  wedges  have  been  tried,  but  except  in  hot  countries  (where 
spiral  wrought-iron  keys  have  been  found  suitable)  nothing  has  proved 
so  effectual  as  wood  for  double-headed  rails  held  in  cast-iron  chairs. 

It  is  usual  to  furnish  manufacturers  with  exact  full-sized  drawings 
of  the  chair  required ;  and  if  a  new  pattern  has  to  be  designed,  it 
must  be  based  on  the  following  data  : — The  Section  of  the  rail;  the 
method  of  Jointing  the  rail  and  the  keying  of  the  rail  to  the  chair  ; 
the  size  of  Sleeper  and  the  kind  of  wood;  the  Distance  of  the 
sleepers  apart ;  the  maximum  Weight  imposed  on  the  rails  by  any 
pair  of  engine-wheels,  and  the  Speed  of  the  trains. 


Sleepers. 


The  Sleepers  used  on  British  railways  are  almost  invariably  made 
of  wood,  of  a  rectangular  section;   the  timber  being   creosoted  or 
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otherwise  saturated  with  a  preservative  material,  to  prevent  decay. 
Sleepers  of  half-round  section  are  used  on  light  railways  or  for 
temporary  lines.  The  price  depends  mainly  on  the  proximity  of 
suitable  growing  timber,  or  the  price  at  the  nearest  port  where 
timber  ships  arrive,  Baltic  red  wood  (fir  or  pine)  being  the  kind 
generally  imported.  In  England  from  5^.  to  8//.  per  cubic  foot  is 
the  range  of  price  for  half-round  cross  sleepers,  and  from  M,  to  1 2d, 
for  rectangular  sleepers.  Half-round  sleepers  are  generally  10  in. 
wide,  5  in.  deep,  and  cost  therefore  from  15^/.  to  24^.  each.  Rect- 
angular sleepers  for  standard-gauge  railways  are  generally  9  ft.  long, 
10  in.  wide,  and  5  in.  deep,  and  cost  therefore  from  2j.  to  4^.  each, 
to  which  must  be  added  from  %d,  to  u.  for  creosoting.  For  lines  of 
metre  gauge  or  those  of  3  ft.  6  in.,  rectangular  sleepers,  9  in  by  4 J  in., 
will  suffice  \  and  for  little  railways  of  3  ft.  and  2  ft.  6  in.  gauge,  rect- 
angular sleepers  7  in.  by  2^  in. ;  the  prices  for  these  smaller  sizes 
being  not  only  less,  but  less  per  cubic  foot,  because  they  can  be  sawn 
from  smaller  and  less  valuable  timber.  On  standard-gauge  railways 
the  sleepers  are  generally  laid  about  3  ft.  apart;  from  1800  to  2000 
sleepers  being  required  for  each  mile  of  single  line.  In  the  United 
States  sleepers  ("  ties "),  which  cost  only  half  the  English  price,  are 
laid  so  closely — only  18  inches  apart — as  to  form  in  effect  almost  a 
continuous  wooden  deck  on  the  ballast.  This  closeness  leaves  scant 
room  for  packing  the  ballast,  but  allows  for  numerous  spikes.  The 
derailments  under  this  system  are  more  numerous  than  with  the 
English  permanent  way. 

In  constructing  railways  in  any  country  the  presence  or  absence 
of  timber  suitable  for  sleepers  is  one  of  the  many  local  circumstances 
which  determine  the  cost  of  the  line.  Large  quantities  of  sleepers 
are  imported  into  England  from  the  Baltic  timber  districts,  and,  after 
having  been  creosoted  or  otherwise  treated,  are  re-exported  to 
colonial  or  foreign  railways ;  and  only  rarely  are  such  sleepers  sent 
direct  from  the  timber  countries  to  their  final  destination.  Difficulty 
arises  sometimes  in  the  shipment  of  sleepers,  because  of  the  delete- 
rious effect  which  creosote  has  on  other  cargo ;  and  it  may  become 
necessary  or  expedient  to  charter  vessels  expressly,  or  to  take  advan- 
tage of  vessels  carrying  coal,  iron,  or  other  rough  cargo. 

In  parts  of  India  and  other  tropical  countries,  the  ravages  of  ants 
are  so  destructive  of  timber  that  metallic  sleepers  have  often  to  be 
substituted.  Yet  the  prediction  confidently  made  by  engineers  when 
railways  were  first  introduced  into  India,  as  to  the  impossibility  of 
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using  timber  sleepers  in  any  of  the  railways  there,  has  not  been 
wholly  justified  by  later  experience.  Creosoted  wooden  sleepers 
continue  to  be  imported  into  tropical  countries,  and  in  some  cases 
indigenous  timber  is  used ;  but  the  latter  is  generally  harder  than  fir 
and  more  difficult  to  work,  and  it  is  necessary  to  bore  the  holes  for 
the  spikes.  On  railways  under  British  control  in  non-tropical 
countries,  timber  is  still  generally  preferred,  but  iron  and  steel  are 
largely  used  in  foreign  countries.  They  have  been  used  to  a  small 
extent  in  England  also,  but  they  are  not  likely  to  be  widely  adopted 
till  the  lessening  supply  of  timber  tends  to  raise  the  cost  of  wooden 
sleepers. 

Much  ingenuity  has  been  directed  towards  the  contrivance  of 
substitutes  for  wooden  sleepers;  and  the  interests  at  stake  are  so 
large,  and  improvements,  if  effected,  would  be  adopted  on  so  wide  a 
scale  that  invention  has  been  stimulated  to  a  more  than  usual  degree. 
Not  only  have  various  systems  of  permanent-way  been  contrived,  but 
each  one  that  has  found  favour,  or  has  appeared  likely  to  succeed, 
has  been  seized  upon  by  other  inventors,  who  have  altered,  modified, 
or  improved  the  invention  sufficiently  to  justify  a  claim  for  a  new 
patent.  Since  1850  very  large  sums  of  money  have  been  expended, 
and,  to  a  great  extent,  wasted  by  inventors,  manufacturers,  and  others 
in  experiments  connected  with  iron  sleepers.  A  leading  type  amongst 
the  earlier  of  such  inventions  is  Greaves'  "  pot "  sleeper,  which  not 
only  has  proved  useful  and  successful,  but  has  served  as  a  starting- 
point  for  a  variety  of  similar  contrivances.  This  pot  sleeper  is  of 
cast-iron,  is  circular,  and  in  form  is  like  an  inverted  bowl  or  saucer, 
the  rail  resting  on  the  convex  side  against  a  chair  or  bracket  cast 
upon  it,  the  sleeper  and  chair  being  thus  combined  in  one  piece. 
These  sleej)ers  weigh  about  80  lbs.  each  for  standard-gauge  or  5-ft. 
gauge  railways,  and  cost  from  10s,  to  15^.  per  ton  more  than  the 
current  price  of  ordinary  chairs.  On  standard-gauge  lines  these 
sleepers  are  placed  about  3  ft.  6  in.  apart  under  the  centre  of  each 
line  of  rail,  and  are  tied  across  the  track  by  wrought-iron  bars.  A 
hole  in  the  casting  allows  the  platelayers  to  ram  up  or  adjust  the 
ballast  below  the  sleeper.  Several  modifications  of  this  sleeper  have 
been  made ;  an  oval  shape  with  two  or  three  attachments  instead  of 
the  one  on  the  circular  casting,  being  their  chief  characteristic  ;  while 
in  some  the  convex  bowl  is  made  of  a  corrugated  or  undulating  shape. 
The  oval  or  elongated  castings  weigh  about  100  lbs.  each,  and,  when 
worn  out  or  broken,  have  a  value  as  old  iron  for  re-melting.     In 
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devising  substitutes  for  wooden  sleepers,  rolled  iron  or  steel  has  been 
generally  preferred  to  cast  iron.  The  greater  weight  of  cast  iron  is 
an  advantage  after  the  track  is  laid,  but  the  weight  and  liability  to 
fracture  are  disadvantages  for  transport.  Cast  iron  is  more  durable 
against  rust  than  wrought  iron  or  steel,  and  its  greater  thickness  can 
better  afford  wasting  by  rust.  On  the  other  hand,  cast  iron  is  the  less 
elastic  material,  and  is  unsuitable  for  laying  on  a  hard  road-bed.  Some 
wrought-iron  or  steel  sleepers  are  of  the  bowl  type,  round  or  oval, 
smooth  or  corrugated,  and  are  made  by  being  pressed  in  dies  while 
hot.  Some  are  rectangular,  and  are  of  the  self-contained  buckled 
plate  arch  form.  There  is  a  much  greater  variety  than  in  cast  iron, 
although  the  scope  of  the  designer  is  more  limited  by  the  exigencies 
of  manufacture.  None  of  these  shapes,  however,  are  so  well  adapted 
for  double-head  rails  as  for  flange  rails,  and  consequently,  engineers 
on  the  Continent,  where  the  flanged  rail  is  almost  universally  used, 
have  given  most  attention  to  the  subject.  Everything  connected 
with  the  permanent-way  of  a  railway  is  wanted  in  such  considerable 
quantities  that  the  relative  cost  of  different  systems  goes  far  to  deter- 
mine choice.  To  this  end,  a  shape  which  can  be  made  in  a  rolling 
mill  has  been  the  aim  of  some  designers,  and  a  trough  form,  which 
can  be  rolled  like  a  channel  bar,  has  been  adopted  on  some  railways. 
But  such  sleepers  do  not  sufficiently  grasp  the  ballast,  and  a  great 
improvement  in  the  parallel  trough  is  that  in  which  the  sleeper  is 
widened  out  where  the  rail  rests  and  is  closed  at  the  ends.  These 
sleepers  having  first  been  rolled  from  a  flat  plate,  are  at  the  same  heat 
pressed  between  dies  into  the  desired  shape,  and  immediately  dipped, 
while  hot,  into  a  bituminous  compound  which  prolongs  the  durability 
of  the  steel  against  rust.  The  need  for  loose  clips  and  fastenings  is 
avoided  by  punching  up  a  portion  of  the  steel  itself,  and  these  raised 
portions  when  doubled  back  serve  as  jaws  or  cleats  for  the  rail  to  rest 
against.  Sleepers  of  this  kind  range  in  weight  from  40  lbs.  for  little 
narrow-gauge  railways  to  140  lbs.  for  standard-gauge  lines  subjected 
to  heavy  traffic.  Wrought-iron  and  steel  sleepers  have  been  generally 
made  about  \  in.  thick,  and  being  about  one-third  the  weight  of  cast- 
iron  sleepers,  and  costing  less  than  three  times  as  much  per  ton,  the 
expense  is  rather  less,  and  much  less  in  regard  to  carriage. 

There  is  also  much  variety  in  the  mode  of  attaching  the  rail  to 
the  sleeper.  Bolts,  cotters,  and  clips  of  different  kinds  have  been 
designed,  but  the  simplest  are  generally  found  to  be  the  best  as  well 
as  cheapest.     Most  metallic  sleepers  are,  as  above  described,  adapted 
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to  rails  of  ordinary  kind,  but  in  some  cases,  instead  merely  of  a  modi- 
fication of  the  sleeper,  the  whole  permanent-way  is  modified,  and 
rails  have  been  specially  contrived  like  a  single  bulb-iron,  without  a 
flange  or  other  protuberance  at  the  bottom,  so  that  they  can  lie 
between  two  iron  supports,  which  together  forrn  a  longitudinal 
sleeper. 

In  tropical  countries  the  economical  advantages  of  native  or 
imported  timber  on  the  one  hand,  and  of  steel  sleepers  on  the  other, 
often  meet,  and  a  choice  depends  on  a  variety  of  considerations,  of 
which,  the  first  cost  and  the  durability  are  not  alone  conclusive.  The 
annual  interest  on  the  capital  outlay,  the  annual  provision  neces.sary 
for  depreciation  and  renewals,  the  cost  of  labour  in  relaying,  as  well 
as  the  value  of  the  old  material,  are  incidents  of  great  importance. 

To  allow  a  proper  choice  of  sleepers,  the  following  information  is 
necessary : — 

1.  The  Section  of  the  rail^  the  gauge  of  the  railway,  and  the  gauge 
of  the  "  six-foot "  {entre-voie), 

2.  The  material  of  the  road-bed  or  kind  of  Ballast,  and  thickness 
of  ballast  available  or  proposed. 

3.  The  kind  and  weight  of  the  Locomotives  and  rolling-stock,  with 
the  maximum  weight  on  one  pair  of  wheels,  and  the  speed  of  the 
trains. 

4.  The  Climate,  not  only  in  regard  to  extremes  of  temperature,  but 
also  as  to  the  rainfall,  and  its  effect  on  the  permanent- way. 

5.  Information  concerning  the  kind  and  cost  of  indigenous  or 
imported  Timber,  and  its  liability  to  damage  by  ants  or  vermin. 
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Facing  and 
trailing  points. 


Switches,  or  points  {rails  mobiles),  are  made  of  the  same  material — 
iron  or  steel — as  the  rails.  Great  ingenuity  has  been  exercised  in 
connection  with  switches,  and  modern  invention  has  reduced  to  a 
minimum  the  risks  that  must  always  attend  the  passage  of  trains 
through  the  points,  especially  facing-points.  The  risk  is  obviously 
much  greater  at  facing  points  a  than  at  trailing  points  b,  and  there- 
fore the  former  are  avoided  as  much  as  possible  on  main  roads,  it 
being  preferred  that  the  trains  should  back  when  passing  on  to  a 
siding.  Facing  points  are,  however,  unavoidable  at  junctions,  but  on 
modern  railways  the  points  and  switches  are  so  accurately  made  and 
fitted,  that  fa.st  trains  can  pass  over  them  safely.  Even  a  slight 
obstruction  or  derangement  of  the  points  will  affect  the  locking  gear 
of  the  levers  and  signals,  and  automatically  prevent  accident.    Owing 
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to  the  great  variety  of  rails  used  on  different  railways,  the  switches 
also  necessarily  vary  in  their  details.  From  ^16  to  ;^25  is  the 
range  of  prices  which  covers  most  of  the  different  kinds  of  switches 
made  of  steel  (including  rods,  levers,  and  boxes).  Generally,  rails 
of  the  kind  and  pattern  used  on  the  railway  are  supplied  to  the 
manufacturer,  who,  having  the  cost  of  the  material  thus  saved  to  him, 
makes  the  rails  up  into  switches  at  about  two-thirds  of  the  above 
prices. 

These  prices  are  for  standfird-gauge  railways ;  for  narrow-gauge 
lines,  with  rails  not  exceeding  40  lbs.  per  yard,  the  prices  range  from 
one-half  to  three-fourths  of  those  stated  above.  To  enable  a  manu- 
facturer to  supply  suitable  switches,  he  should  be  informed  of  the 
section  of  the  rail  and  the  system  of  permanent-way ;  the  gauge  of 
the  railway  and  that  of  the  six-foot ;  the  radius  of  the  tum-out ;  and 
whether  the  railway  is  to  be  a  durable  one  for  busy  traffic  or  merely 
for  temporary  or  infrequent  use. 

Crossings  are  made  either  of  steel  rails  or  of  solid  cast  steel,  or 
of  cast  iron  "  chilled "  by  being  cast  in  iron  moulds,  which  process, 
by  cooling  the  metal  quickly,  gives  an  intensely  hard  face.  Chilled- 
iron  crossings  are  more  durable  than  any  kind  of  steel,  and  for 
situations  of  minor  importance  or  for  slow-speed  traffic  are  best  as 
well  as  cheapest.  For  fast-running  trains,  however,  where  steel  rails 
are  used,  crossings  made  of  steel  rails  are  preferable,  as  they  have 
the  important  advantage  of  being  similar  in  regard  to  strength  and 
elasticity  to  the  rest  of  the  road.  This  circumstance  outweighs  the 
greater  durability  afforded  by  the  more  rigid  chilled-iron  crossing. 

There  are  many  varieties  of  crossings,  the  choice  depending 
mainly,  as  is  the  case  with  switches,  on  the  gauge,  the  weight,  and 
section  of  the  rails,  the  nature  of  the  traffic,  and  the  position  of  the 
crossing  in  relation  to  the  main  roads.  On  these  circumstances,  and 
on  the  accessories  which  are  required,  such  as  'check-rails  or  special 
chairs,  the  price  also  depends;  but  a  range  of  from  ;^io  to  £^1^ 
includes  almost  every  kind.  The  angle  should  not  be  finer  than  i 
in  10,  nor  coarser  than  i  in  5.  For  light  rails,  or  for  temporary  or 
contractors'  purposes,  a  set  of  points,  including  switch  and  crossing 
complete,  costs  about  ^£^16.  Where  a  siding  crosses  a  main  road 
without  connecting  with  it,  what  is  known  as  a  "  diamond  crossing  " 
is  used.  If  the  lines  cross  at  too  sharp  an  angle  there  is  a  risk  of 
the  train  wheels  leaving  the  projxir  track,  especially  if  the  train  has  to 
be  started  when  on  the  crossing.     The  angle  should  not  be  sharper 
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than  I  in  6^  when  there  is  full  scope  for  choice  ;  and  the  regulations 
of  some  railways  forbid  a  sharper  angle  than  x  in  8,  although  an  angle 
even  of  i  in  12  is  sometimes  ventured  on.  Engineers  and  others 
should,  in  purchasing  crossings,  specify  clearly  what  they  wish  to 
include,  because  the  term  has  different  significations.  Thus,  by  a 
railway  engineer  or  contractor,  a  crossing  is  often  intended  to  mean 
the  entire  material  for  crossing  from  one  line  to  another,  and  not 
only  includes  the  switch  and  crossing  pieces,  but  the  rails  that  join 
one  line  of  rails  to  the  other.  And  even  more  than  this  is  sometimes 
croM-over  roads,  included  where  a  "  cross-over  road  "  crosses  several  lines  of  railways. 

But  by  a  maker  of  such  things,  a  crossing  means,  if  not  otherwise 
specified,  only  the  actual  crossing-piece.  In  such  cases,  therefore,  it  is 
necessary  not  only  to  state  the  gauge  of  the  railway,  the  gauge  of  the 
"  six-foot,"  and  the  section  of  the  rail,  but  to  furnish  a  sketch  showing 
the  position  of  the  lines  of  railway  which  are  to  be  joined  and  the 
angle  of  the  roads. 
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Turntables  have  been  in  use  from  the  earliest  days  of  railways, 
both  for  engines  and  carriages,  but  for  the  latter  purpose  they  are  not 
used  so  freely  as  formerly,  as  they  occupy  much  space,  and  are  an 
obstruction  on  the  permanent-way.  They  have  been  superseded  in 
many  situations  by  traversers.  The  earlier  turn-tables  for  loco- 
motives required  elaborate  racks,  winches,  or  other  gear  for  turning 
them,  a  process  occupying  five  or  more  minutes.  Now,  by  balancing 
the  turn-table  carefully,  it  can  be  easily  pushed  round  by  one  or  two 
men  in  half  a  minute.  The  diameter  of  a  balanced  turn-table  of  this 
sort  must  be  from  3  to  6  ft.  greater  than  the  length  of  the  wheel  base 
of  the  engine  and  tender,  because  the  centre  of  the  wheel  base  seldom 
coincides  with  the  centre  of  gravity  of  the  engine ;  the  latter  varying 
also  according  to  the  quantity  of  water  and  fuel  in  the  tender. 
In  order  that  the  turn-table  may  revolve  freely,  there  should  be  no 
pressure  on  its  outer  wheels  (which  serve  only  to  sustain  such  por- 
tion of  the  weight  as  may  be  unbalanced),  but  all  the  weight  should 
be  borne  by  the  centre  pivot.  An  experienced  engine-driver  will 
accomplish  this  by  bringing  his  engine  to  a  standstill  at  such  a 
point  that  the  centre  of  gravity  shall  be  exactly  over  the  centre  pivot ; 
and  the  turn-table,  with  the  load  thus  adjusted,  is  easily  pushed  round. 

The  great  length  and  weight  of  a  modern  locomotive  w-ith  its 
tender  have  rendered  necessary  larger  and  stronger  turn-tables  than 
formerly,  and  instead  of  40  ft.  maximum  diameter,  42  ft.,  45  ft.  and 
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even  50  ft.  are  often  required,  and  the  effective  diameter  can  be, 
by  a  simple  arrangement,  temporarily  increased.  In  the  United 
States,  turn-tables  from  50  to  60  ft.  diameter  are  made  to  suit  the 
long  engines  and  tenders  in  use  there.  It  is  very  important  that  a 
turn-table  be  of  great  strength,  so  that  it  may  not  deflect  under  the 
load ;  it  must  be  well  fitted  so  that  it  balances  and  moves  easily ; 
and  the  central  pivot  and  its  bearing  must  be  effectually  hardened. 

A  locomotive  turn-table  40  ft.  in  diameter  of  the  best  modern 
construction,  and  inclusive  of  the  ironwork  beneath  it,  costs  from 
£ZS^  to  ^400,  or  if  covered  with  a  floor  of  iron  plates,  from  ^£400 
to  ^500.  For  turn-tables  of  greater  or  less  diameter  than  40  ft.  an  Depends  on  site 
addition  or  deduction  of  about  jQio  per  foot  of  diameter  should  be 
made.  To  the  above  prices  must  be  added  the  cost  of  excavating 
and  lining  the  circular  pit  in  which  the  turn-table  revolves,  and  of 
building  the  foundations  of  masonry  or  brickwork  on  which  the  iron 
pivot  and  rails  will  rest.  If  only  one  siding  passes  over  the  turn- 
table the  circular  wall  need  only  be  built  where  the  sidings  come. 
Sometimes  for  small  turn-tables,  the  circular  lining  is  iron  instead  of 
brickwork.  Centre  balance  turn-tables  should  be  fitted  with  relieving 
apparatus  at  the  ends,  so  arranged  as  to  wedge  up  the  table  to  the 
outer  bearings  to  give  it  stability  and  steadiness  there  while  the  engine 
is  entering  or  leaving  it 

Turn-tables  for  carriages  and  trucks  are  made  from  is  to  20  fl. 
diameter,  and  for  those  made  of  iron  the  prices  range  from  JQ^  to 
jQi  I  per  foot  of  diameter,  the  higher  rate  including  the  cost  of  iron 
plates  on  the  top,  instead  of  the  wooden  floor  which  is  often  used, 
but  which  is  liable  to  ignition  from  the  locomotive.  Small  turn-tables  Small  turn-tables 
6  ft  diameter,  cost  from  jQi^  to  jQ^o  if  wholly  of  iron,  and  such 
turn-tables  are  useful  on  wharfs  and  landing  jetties.  Small  iron  turn- 
tables for  railways  of  from  i  ft.  6  in.  to  3  ft.  6  in.  gauge,  such  as 
are  used  at  mines  and  quarries,  cost  ^5  to  jQiS* 

Carriages  are  seldom  turned  for  the  mere  purpose  of  reversing 
their  position  in  a  train ;  but  many  station  yards  are  so  arranged 
that  a  partial  turning  of  the  carriage  is  necessary  for  the  marshalling 
and  arranging  of  trains.  Turn-tables  are  generally  placed  on  sidings, 
and  they  should  not  be  placed  on  main  lines,  or  where  running  trains 
may  have  to  pass  over  them.  The  large  carriages  on  4  or  6-whcel 
bogies  used  as  dining  or  corridor-cars  have  seldom  to  be  turned,  but 
when  this  oi)eration  is  necessary,  a  locomotive  turn-table  must  be 
used,  or  the  cars  reversed  on  a  triangle  track. 
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Traversers.  Traversers^  by  which  engines  or  carriages  can  be  transferred  from 

one  line  of  rails  to  another  across  the  station  or  station  yard,  are  made 
of  a  length  to  suit  the  rolling  stock.     Engine  traversers  are  rarely 
When  used.       used  except  in  repairing-shops,  where  they  sometimes  afford  a  con- 
venient means  of  bringing  an  engine  into  or  out  of  the  shop.     In 
How  propelled,     such  cases  they  are  propelled  either  by  a  small  engine  fixed  on  the  tra- 
Seepage  323-       verscr  Or  by  a  quick-running  cotton,  hempen,  or  wire  rope,  worked  by 

an  adjacent  fixed  engine.  Although  carriages  measure  (including  the 
buffers)  from  22  to  34  ft.,  the  traverser  need  be  but  little  longer  than  the 
wheel  base.  Traversers  are  principally  needed  where  space  is  limited 
for  shunting,  and  they  are  seldom  required  where  space  is  ample 
Cost.  and  the  traffic  is  small.     Engine  traversers  cost  from  ^400  to  ;^6oo, 

and  about  ;^2oo  more  if  a  propelling  engine  is  added.      Carriage 
traversers  cost  about  ;^ioo. 
Design  of  The  choicc  or  design  of  a  turn-table  or  traverser  depends  on  the 

following  points,  concerning  which  full  information  is  necessary :  The 

How  determined,  gauge  of  the  railway  and  that  of  the  six-foot ;  the  section  of  the  rails ; 

the  dimensions  and  weight  of  the  engines  or  carriages,  a  diagram 
showing  the  position  of  the  wheels  and  the  weight  on  each  pair  of 
wheels.  If  for  engines,  a  longitudinal  and  cross  view  should  be 
furnished,  showing  the  extreme  projecting  parts,  such  as  the  coupling- 
rods,  cylinder-cocks,  and  cattle-guards.  If  for  carriages,  the  shape 
and  dimensions  should  be  indicated  by  a  profile  showing  such  projec- 
tions as  foot-boards  and  steps.  It  is  needful  also  to  furnish  a  sketch 
of  the  site  on.  which  the  turn-table  or  traverser  is  to  be  fixed,  indicating 
adjoining  lines  of  rails.  The  addition  of  a  propelling  engine  is  deter- 
mined partly  by  the  cost  of  manual  labour. 
BufTer  stops.  Buffer  stops  on  sidings  are  generally  constructed  of  timber  and 

steel  rails,  but  at  important  terminal  stations  more  elaborate  structures 
are  often  required.  Hydraulic  buffers  have  proved  effective  and 
convenient,  as  they  allow  a  longer  stroke  or  travel  of  the  buffer  and 
an  easier  arrest  of  the  train  than   is   afforded  by  the   more  usual 

Hydraulic  stops,    arrangement   of  springs.     The   hydraulic  buffer  piston  moves  in  a 

cylinder  against  water  which,  as  it  is  propelled  forward,  is  allowed  to 
escape  through  orifices  constricted  as  the  piston  advances,  so  giving 
the  effect  of  a  gradually  compressed  spring. 

Signals.  Signals  of  a  very  simple  kind  were  used  in  the  earlier  days  of 

Euro[)ean  railways,  and  the  subject  demanded  and  received  but 
slight  attention.     This  is  still    the   case   on   many    foreign  railways 
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where  the  traffic  is  small,  and  signals  are  altogether  wanting  on 
railways  in  new  countries  where  there  are  few  trains.  On  the  prin- 
cipal European  lines,  especially  those  in  England,  the  multiplica- 
tion of  junctions  and  crossings,  the  vast  increase  of  traffic,  and  the 
running  of  quick  passenger-trains  and  slow  goods-trains  on  the  same 
line,  have  rendered  elaborate  precautions  necessary  for  safety.  The 
most  notable  changes  in  signals  in  recent  times  have  been  connected 
with  the  "block  system,"  which  may  be  briefly  described  as  the 
enforcement  of  an  absolute  distance,  or  space  of  rails,  between  trains 
following  each  other  on  the  same  line,  instead  of  the  mere  interval  of 
time  which  used  to  be  relied  upon,  and  which  was  the  cause  of  many 
accidents.  Signals  being  placed  at  intervals,  generally  ranging  from 
a  quarter  of  a  mile  in  the  vicinity  of  a  station  to  two  or  three  miles 
between  stations,  no  train  is  allowed  to  pass  one  such  signal  till  the 
preceding  train  is  announced  to  have  passed  the  next  one  in  advance ; 
the  electric  telegraph  being,  of  course,  essential  to  this  system.  The 
tendency  of  modem  improvements  has  been  towards  automatic 
security,  which  may  be  defined  as  the  prevention  by  mechanical 
means  of  the  display  of  opposing  signals  which  would  involve  or 
allow  collision.  By  an  ingenious  system  of  "interlocking"  the 
different  levers,  it  is  impossible  to  move  any  lever  till  all  others — and 
with  them  the  signals  worked  by  them — ^are  secured.  This  plan  has 
been  still  further  improved  by  bringing  into  the  same  interlocking 
system  the  levers  working  the  points  or  switches,  so  that,  except  by 
a  positive  disregard  of  signals,  no  train  can  advance  in  a  direction 
which  will  involve  collision.  The  interlocking  of  levers  and  points 
and  the  electric  block  system  have  been  also  combined,  attaining — 
though  af  considerable  expense — a  high  degree  of  automatic  per- 
fection. Accidents  having  occurred  through  the  imperfect  closing  of 
points  for  the  passage  of  an  approaching  train,  and  through  the 
altering  of  points  before  the  whole  of  a  train  has  passed,  the  points 
are  now  further  protected  by  the  addition  to  the  apparatus  of  the 
"  facing-point  lock,"  which  secures  the  proper  closing  of  the  points 
before  a  train  can  be  signalled  to  approach,  and  prevents  any  moving 
of  the  points  whilst  a  train  is  passing  over  them,  no  movement  of  the 
]X>ints  being  possible  even  by  wilfulness  or  inadvertence  on  the  part 
of  the  operator  till  the  whole  train  has  passed.  The  passage  of  trains 
through  stations,  or  into  sidings  or  on  to  junctions,  is  thus  made  safe ; 
and  a  quick  succession  of  trains  rendered  possible.  At  a  few  of 
the  more  important  junctions  and  stations  in  England  the  number 
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of  levers  in  one  signal-house  exceeds  250,  while  groups  of  from  20 
to  100  are  very  common.  Each  point  or  switch,  and  each  signal 
requires  one  lever  (sometimes  two  points  are  connected  with  and 
worked  by  one  lever),  and  the  cost  of  the  interlocking  apparatus, 
exclusive  of  the  cost  of  the  signals  themselves  or  the  switches,  may 
be  stated  approximately  at  about  ^^7  per  lever ;  and  including  the 
cost  of  signals,  connecting  wires  or  rods,  house  and  telegraphic 
apparatus  complete,  ^^25  to  JQt^S  P^*"  lever.  Concurrently  with  the 
elaboration  of  signalling,  improvements  have  been  made  in  the  mode 
of  constructing  the  signals.  Malleable  cast  iron  and  steel  have  been 
substituted  for  certain  parts  formerly  made  of  cast  iron ;  and  tubular 
rods  or  solid  bars  have  been  substituted  for  many  of  the  moving  parts 
formerly  made  of  wire. 

These  mechanisms  are  in  Great  Britain  considered  so  essential  to 
safe  railway  working  as  to  be  made  compulsory  by  the  Board  of  Trade 
authorities,  whose  sanction  is  necessary  to  the  opening  of  new  lines 
for  passenger  traffic.  They  are  available  for  foreign  countries  when 
the  traffic  grows  large  enough  to  require  it,  but  the  simpler  forms  of 
single  signals  are  still  all  that  are  required  on  railways  where  the 
traffic  is  small.  The  various  discs,  arms,  semaphores,  and  other 
means  of  indicating  safety^  caution^  and  danger  which  were  adopted 
independently  on  different  railways,  have  entirely  given  way  to  the 
one  simple  kind  of  "semaphore,"  the  universal  adoption  of  one 
form  of  signal  greatly  adding  to  the  simplicity  of  railway  working. 
Only  two  signals  are  now  indicated :  at  night  by  lamps,  red  for 
"  stop,"  green  for  "  full  si^eed  "  \  and  in  daylight  by  semaphore  arms 
at  90°  and  45°,  the  third  or  nil  signal  having  been  abolished,  as  it 
might  be  given  by  the  action  of  the  wind.  In  Great  Britain  the 
principal  railways  have  agreed  on  a  common  code  of  regulations  in 
these  matters. 

A  semaphore  post  of  wood  20  ft.  high,  with  arms,  lamps,  and  all 
appurtenances,  costs  from  ;^i6  to  ;£"2o,  which  is  increased  to  about 
;^3o  if  the  wire  and  extra  gear  necessary  for  working  it  as  a  distant 
signal  be  included.  When  required  of  a  greater  height  than  20  ft., 
the  price  of  the  post  increases  by  about  loj.  per  foot  up  to  40  ft. 
In  countries  where  suitable  timl)er  is  procurable,  expense  may  be 
saved  by  importing  only  the  ironwork  and  fittings.  Posts  of  light 
steel  framework  are  also  used,  and  are  very  suitable  for  countries 
wher^  timber  is  expensive,  or  for  climates  destructive  of  wood ;  they 
cost  in  England  from  15  to  25  per  cent,  more  than  wooden  posts. 
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When  it  is  desired,  for  a  foreign  railway,  to  obtain  the  advantage 
of  the  latest  English  inventions  and  experience  in  regard  to  the 
signal  equipment  of  a  junction  or  station,  the  following  information 
should  be  furnished  to  the  engineer  or  manufacturer  to  whom  the 
choice,  design,  or  purchase  is  entrusted. 

1.  A  Fian  of  the  station  or  junction  showing  the  positions  of  the 
different  lines  and  sidings,  v(ith  a  description  of  what  each  line  is 
used  for,  the  direction  in  which  the  traffic  runs  on  each  line  being 
indicated  by  arrows ;  the  curves  on  the  approaches ;  and  any  objects 
which  may  interfere  with  the  view  of  the  signal  by  the  driver  of  an 
advancing  train,  and  which  may  render  lofty  signal  posts,  repeating- 
signals  or  special  positions  necessary. 

2.  An  approximate  description  of  the  number  and  length  of 
Traim  and  the  intervals  of '  time  between  them ;  distinguishing 
through  trains  from  those  which  stop  or  shunt.  The  probabilities 
as  to  future  increase  in  the  traffic  should  be  stated. 

3.  The  Speeds  at  which  the  various  trains  pass  through  the  station. 

4.  The  amount  and  nature  of  Shunting  and  marshalling ;  the  rela- 
tive amount  of  passengers,  goods,  and  mineral  traffic  to  be  deal  with 
being  stated. 

3.  The  Gradients  for  at  least  one  mile  on  either  side  of  the 
signals. 

6.  Whether  the  Electric-telegraph  is  in  use,  or  is  intended  to  be 
used,  for  signalling  between  stations,  or  is  available  for  the  purposes 
of  the  railway. 

7.  The  kind  of  Signal  already  in  use  on  the  railway  or  on  the 
other  lines  with  which  it  is  likely  to  be  connected. 

8.  Whether  Gas  or  oil  is  available  for  the  lamps,  and  if  oil,  its  Oas  or  oil  lamps, 
kind. 

9.  The  nature  of  the  Climate  and  the  local  circumstances  affect- 
ing the  transport  of  material,  especially  of  long  signal  posts ;  and  the 
facilities  for  repairs. 


Speeds. 
Shunting. 


Gradients. 


Telegraph. 


Climate. 


Water-cranes,  and  other  apparatus  for  supplying  the  tank  of  a  Water  supply  for 
locomotive,  depend  for  their  arrangement  mainly  on  the  source  from 
which  the  water  is  to  be  obtained  and  on  the  frequency  and  im- 
portance of  the  supply  required.  Thus,  on  a  contractor's  tem[)orary 
railway,  or  where  a  minimum  outlay  is  of  importance,  an  ordinary 
hand-pump  may  be  u.sed  to  lift  the  water  from  a  well  or  pond  and 
deliver  it  into  the  engine-tank  through  a  hose-pipe,  the  latter  being 
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for  convenience  attached  to  a  post.  Such  an  apparatus  would  cost 
from  ;;^i2  to  £2^.  Even  in  England  hand-pumping. is  often  em- 
ployed at  small  stations,  but  an  elevated  tank  is  always  employed,  so 
that  though  the  pumping  be  slow,  the  engine  can  be  quickly  supplied 
from  the  tank.  The  latter  may,  for  temporary  service,  be  cheaply 
made  of  wood.  If  the  tank  be  placed  near  the  railway,  a  projecting 
pipe  or  swinging-jib  can  deliver  the  water  to  the  engine.  A  circular 
tank  for  holding  looo  gallons  and  complete  with  supporting 
column,  valves,  and  hose,  costs  about  ^^90.  Even  where  water- 
mains  for  railway  or  general  purposes  are  sufficiently  near  to  be 
utilised,  a  tank  is  necessary  to  ensure  an  immediate  and  abundant 
supply  for  the  locomotives.  Sometimes  the  tank  is  at  a  considerable 
distance  from  the  swinging-jib,  and  an  iron  column  or  stand-pipe  is 
needed.  If  made  with  a  swinging-jib,  as  a  separate  and  self  con- 
tained structure,  it  is  known  as  a  water-crane.  One  of  these, 
as  above  described,  with  valves  complete,  costs,  from  ^^35  to  £60, 
according  to  kind  and  quality  ;  an  additional  cost  of  about  ^^5 
being  incurred  if  a  fire-grate  or  stove  is  attached  for  preventing 
the  water  from  freezing  in  cold  weather.  Cast-iron  tanks  are 
generally  preferred  as  being  more  durable  and  more  easily  put 
together  than  wrought-iron  tanks,  and  except  that  the  pieces  are 
liable  to  damage  in  transit,  are,  in  most  respects,  better  than  tanks 
of  wrought  iron.  A  capacity  of  from  4000  to  1 2,000  gallons  is  suit- 
able for  the  purpose,  but  of  course  a  larger  tank  is  needed  if  the 
water-supply  is  intermittent  and  storage  is  necessary,  or  if  the  number 
of  locomotives  taking  the  water  is  great.  At  important  stations,  tanks 
holding  100,000  gallons  are  provided.  The  apparatus  should  be  at 
least  equal  to  filling  the  largest  tender  in  five  minutes.  If  the  w^ater 
be  very  hard  or  contain  too  much  lime,  it  can  be  softened  by  an 
inexpensive  process. 

Where  there  is  no  independent  source  of  water  from  which  the 
tank  or  water-crane  can  be  supplied,  and  where  hand-pumping  is  not 
convenient  or  sufficient,  a  pumping-engine  becomes  necessary,  and 
its  cost  depends  primarily  on  the  depth  from  which  the  water  has 
to  be  lifted.  When  a  pumping-engine  is  employed  for  this  purpose, 
it  is  usual  to  make  the  tank  large  enough  for  supplying  the  station 
buildings  and  for  general  purposes.  A  pumping-engine  complete, 
with  boiler  of  the  kind  usual  for  this  purpose,  will  cost  from  £^0  to 
^500,  according  to  the  exigencies  of  the  case.  But  at  small  stations, 
or  where  water  is  only  needed  in  small  quantities,  a  steam-engine 
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may  be  avoided  by  the  use  of  a  gas-engine,  hot-air  engine,  petroleum- 
engine,  or  by  an  electric  motor.  The  latter  can  be  economically 
applied  where  there  is  already  an  electric-lighting  installation,  as 
the  motive  power  can  be  utilised  in  the  day  time,  and  the  current 
transmitted  half  a  mile  or  more  to  pumps  for  filling  the  storage- 
tanks. 

Locomotives  may  be  rendered  partly  independent  of  water-cranes 
and  tanks  by  having  permanently  attached  to  them  an  "  elevator," 
which,  by  means  of  steam  from  the  boiler,  will  draw  up  through  a 
hose-pipe  water  from  any  contiguous  pond  or  stream.  But  the  dura- 
bility of  the  boiler  depends  greatly  on  the  quality  of  the  water,  and 
there  is  a  risk  of  impure  water  from  a  chance  supply.  The  system 
has  been  adopted  on  some  railways  of  a  feed-trough  laid  between 
the  rails  and  kept  filled  with  water,  which,  as  the  engine  advances, 
rushes  up  a  shoot  lowered  from  the  tender.  About  half-a-mile  of 
level  track  is  essential  to  this  method,  which  has  been  adopted  both 
to  obviate  the  necessity  for  stopping  the  trains  and  to  procure  a 
supply  of  better  water  than  may  be  found  at  a  stopping  station. 

Elaborate  arrangements  are  usual  at  large  railway  centres  or 
important  stations  where  the  traffic  is  great.  The  supply  of  water  is 
then  arranged  in  conjunction  with  that  of  Fuel^  and  a  covered  plat- 
form, with  coal-stores,  cranes,  and  water-jib,  is  specially  contrived. 
The  wagons,  a,  conveying  the  coal  are  brought  by  an  incline  on  to  a 
raised  stage,  so  that  the  coal  can  be  easily  filled  into  small  carriages, 
holding  about  5  cwt.,  and  these  in  their  turn  are  discharged,  b,  into 
the  tender.  By  this  means  the  cost  of  coaling  has  been  reduced 
from  about  (xi.  to  less  than  2d.  per  ton.  At  important  stations  the 
stage  is  a  double  one,  the  coal  wagons  being  in  the  centre,  the 
locomotives  being  supplied  on  either  side.  A  proper  design  for  such 
a  stage  or  platform  depends  on  the  following  information,  which 
should  be  supplied  to  those  concerned : — 

1.  A  Plan  of  the  site  available,  showing  the  lines  and  sidings  and 
the  approaches  from  the  main  line  and  adjoining  station,  with  their 
gradients. 

2.  The  Gauge  of  the  railway  and  the  kind  of  permanent-way. 

3.  The  sources  of  the  Water-supply^  with  its  pressure  or  levels  in 
regard  to  the  level  of  the  rails. 

4.  The  kind  of  Fuel  used  and  the  quantity  usually  stored. 

5.  TYie  Number  of  engines  to  be  supplied  daily;  the  shape  and 
length  of  engine  and  tender. 


Set  page  508. 
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6.  The  Storage  capacity  of  engine  or  tender  tanks  and  the  maxi- 
mum consumption  of  water  per  mile. 

7.  The  extremes  of  Temperature, 

8.  Whether  a  Water-softjning  apparatus  is  required,  and  if  so,  a 
sample  or  analysis  of  the  water  should  be  furnished. 

9.  The  kind  of  building  Materials  available. 

"  Break-dawn  "  cranes,  as  used  for  clearing  a  railway  after  an  acci- 
dent, are  jib-cranes  mounted  on  railway  trucks.     They  are  generally 
provided  with  a  loaded  box  for  a  balance-weight,  and  the  jib  will 
lower  down  to  allow  the  crane  to  pass  under  bridges  ;  the  jib  as  it  is 
raised,  increasing  in  power  as  the  radius  it  commands  becomes  less. 
These  cranes  are  also  useful  for  loading  timber  or  other  goods,  and 
for  this  purpose  can  be  sent  to  roadside  stations  which  are  not  pro- 
vided with  cranes  sufficiently  powerful.     Break-down  cranes,  com- 
pletely equipped  for  lifting  5  tons,  cost  from  ^350  to  ;£'4oo  each  ; 
and  for  10  tons,  from  ;^5oo  to  ;^6oo  each.     These  prices  are  for 
cranes  suited  to  the  standard  gauge,  and  include  the  expense  of 
screw-jacks,   crowbars,   clamps  and   other  usual  accessories.       For 
narrow-gauge  railways  a  capacity  of  4  tons  and  8  tons  respectively 
is  more  usual,  at  prices  rather  less  than  those  just  named,  but  such 
a  narrow  base  does  not  of  itself  afford  sufficient  stability,  and  it  is 
necessary  to  anchor  the  crane-carriage  to  the  rails.     As  a  consider- 
able part  of  the  cost  is  for  the  travelling  wagon,  which  must  have 
buffers,  springs,  and  usual  appurtenances,  like  other  rolling  stock,  to 
render  it  safe  when  travelling  as  part  of  a  train,  cranes  in  other 
respects  similar,  but  without  springs  and  buffers,  and  furnished  only 
with  small  wheels,  can  be  purchased   for   about  20  per  cent.  less. 
Cranes  so  made  are   often   used   on   landing-piers  and  in  factories 
adjoining  a  railway.    A  break-down  crane  should  be  accompanied  by 
a  van  or  wagon  carrying  a  vice-bench,  chains,  screw-jacks,  tools,  and 
lamps ;  and  the  tool-van  and  crane  should  always  be  kept  in  readi- 
ness, fully  equipped,  with  lamps  trimmed ;    and  workmen  appointed 
who  should  be  at  call  whenever  the  crane  is  required. 

Bridges,  either  over  or  under  railways,  depend  for  their  design 
and  cost  on  the  local  circumstances  of  each  case ;  and  the  points 
which  determine  the  design  have  been  already  fully  described.  One 
main  point  of  difference  between  a  road  bridge  and  a  railway  brid^^e 
is  that  while  the  former  requires  a  strong  floor  to  support  a  load  over 


Part  II.]       Railway  Equipment.     Bridges.  683 

its  entire  surface*,  a  railway  bridge  has  its  load  confined  to  the  rails, 
which  can,  if  desired,  be  supported  by  a  mere  skeleton  or  framework      Frame  bridges 
bridge.     If,  for  the  sake  of  cheapness,  railway  bridges  are  made  in 
this  way,  there  is  the  obvious  disadvantage  that,  in  case  of  the  derail- 
ment of  a  train,  the  carriages  are  liable  to  fall  through  the  bridge.   As 
a  precaution,  it  is  usual  to  lay  the  rails  as  in  a  trough,  between  balks 
of  timber,  so  that  the  wheels  cannot  jump  the  track.     Economy  is 
sometimes  also  sought  by  the  omission  of  parapets,  a  practice  which  PampetB  omitted, 
is  not  favoured  in  Europe.     It  is  difficult  to  keep  the  floor  of  a  rail- 
way bridge  water-tight,  as  the  vibration  of  heavy  trains  tends  to  open  Water-tight  floor, 
caulked  iron  or  timber  seams ;  and  in  towns  where  bridges  pass  over 
streets,  this  circumstance  is  often  a  cause  of  great  inconvenience. 
The  difficulty  is  enhanced  on  "  through  "  bridges,  where  it  is  attempted    Through  bridges, 
to  make  a  water-tight  joint  between  the  floor  and  the  main  girders.        Setpagt  137. 
It  is  generally  better  in  such  bridges  to  construct  the  floor  as  a  water- 
tight tray  (lining  it  with  elastic  asphalte)  free  of  the  main  girders. 

In  allowing  a  certain  margin  of  strength  or  "  factor  of  safety  "       provision  for 
when  a  bridge  is  designed,  wasting  by  rust  and  the  possibility  of 
heavier  locomotives  being  used  at  a  future  time  should  be  taken  into 
account.     It  is  not  only  the  total  weight  of  an  engine  but  also  its       Seepagt  149. 
distribution  on  the  wheels  which  determines  the  effect  on  the  bridge. 
Tank  and  other  engines,  in  which  a  great  weight  is  concentrated  on  a  increasing  weight 
short  wheel-base,  impose  very  severe  strains  on  the  bridges  over  which        °  cnpncs. 
they  pass,  especially  on  the  cross  girders.     The  engineer  of  the  line 
and  the  locomotive  engineer  should  be  in  accord  concerning  these 
matters,  for  in   designing  new  engines  not  only  must  the  general 
strength  of  the  bridge  be  considered,  but  the  strength  also  of  the 
cross  girders  and  rail-bearers,  to  sustain  the  weight  concentrated  on 
the  driving  wheels.     On  some  railways,  since  about  the  year  1896, 
the  plan  has  been  tried  of  stiffening  the  floor  framework  of  bridges  by 
kying  the  permanent-way  with  loo-ft.  rails.     The  difficulty  of  carry-       xoo-ft.  rails, 
ing  such  rails  to  the  site  of  the  bridge  is  the  principal  impediment  to 
this  plan.     There  is  no  difficulty  in  making  the  rails. 

The  kind  of  Station  Buildings  for  passenger  accommodation  or  station  buildings, 
for  goods  traffic  depends  so  entirely  on  the  particular  circumstance  of 
each  railway  and  station  that  few  general  rules  can  be  given.     Where 
railways  have  to  be  made  cheaply  in  a  new  country,  or  amid  a  sparse 
population,  very  simple  structures  may  suffice  at  the  commencement,     of  simple  kind 
If  the  trains  be  few  in  number,  waiting-sheds  or  huts,  costing  from         railway? 
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J[^2Q  to  ^100  each,  may  suffice  as  roadside  stations;  the  selling 
of  tickets  and  transfer  of  luggage  being  entirely  managed  by  the 
conductors  who  travel  with  the  trains.  And  even  where  stations  for 
goods  as  well  as  passengers  have  to  be  provided,  buildings  of  a  simple 
kind,  quite  unlike  those  usual  on  busy  railways,  may  prove  sufficient 
till  the  traffic  has  developed.  Covered  sheds  for  perishable  goods, 
and  facilities  for  loading  and  unloading  vehicles  conveying  goods  to 
or  from  the  station,  are  among  the  first  works  which  are  necessary 
to  the  development  of  traffic.  Where  the  need  for  cranes  is  likely  to 
occur  only  rarely,  a  travelling  jib<rane  may  be  brought  for  the  pur- 
pose, when  occasion  arises.  But  though  the  outlay  for  stations  may 
often  be  wisely  limited  or  postponed  till  increasing  traffic  indicates 
the  nature  and  extent  of  the  buildings  required,  it  is  always  advisable 
to  secure  ample  land  space  for  stations  hereafter,  as  the  value  of  land, 
even  if  not  needed  for  the  purposes  of  the  railway,  almost  always 
increases  if  near  a  station. 

The  experience  which  has  accumulated  in  regard  to  the  most 
suitable  forms  of  buildings  in  different  climates  is  available  to  the 
engineer  who  designs  the  railway,  and  who  will  generally  endeavour 
to  utilise  the  materials  of  the  locality — though  very  often  the  iron- 
work and  sometimes  the  entire  structures  have  to  be  imported. 
Much  of  the  local  information  which  should  be  supplied  to  the  de- 
signer is  described  in  other  chapters.  No  rule  can  be  given  for  the 
cost  of  station  buildings,  for  not  only  the  cost  of  the  materials  but 
the  standards  of  excellence  vary  in  different  countries.  In  Great 
Britain,  on  the  best  railways,  a  certain  comfort  and  completeness  are 
required  by  law,  and  have  to  be  given  to  all  the  rooms  and  offices 
connected  with  a  station,  so  that  even  for  village  stations  the  cost 
will  range  from  ^400  to  ;;£^8oo ;  and  as  traffic  increases,  the  rules 
established  by  the  government  departments  which  regulate  railways 
become  more  onerous.  Such  an  outlay  is  seldom- necessary  on 
foreign  railways. 

In  parts  of  South  America  and  other  countries,  where  building 
materials  are  scarce,  stations  almost  entirely  of  iron  are  imported 
from  Europe.  Such  structures  are  generally  composed  of  cast-iron 
columns  united  at  the  top  by  cast-iron  spandrils  or  girders,  on  which 
rest  a  cornice  and  rain-gutters,  the  girder  and  gutter  being  sometimes 
combined  in  one  casting.  Upon  the  girders  are  placed  wrought-iron 
framed  roof  trusses  or  principals,  which  are  generally  made  of  some 
span  between  1 5  and  40  ft.    The  sides  of  the  buildings  are  com|)osed 
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of  sheets  of  corrugated  iron,  and  the  roof  is  covered  with  zinc,  comi-    comijrated  iron. 

gated  iron  or  tiles,  laid  upon  wood  boarding  or  iron  laths.     Wooden  ^^^/^'T"  553  ^  s?*- 

doors,  glazed  windows,  and  the  necessary  internal  fittings  are  also 

generally  imported.     Greater  finish  and  completeness  may  be  given 

to  the  buildings  by  lining  the  sides,  partitions,  and  roof  with  boarding.   Wood  Hnings  and 

Sometimes,  even  where  the  station  buildings  are  made  entirely  of 

local  material,  verandahs  or  sheds  for   covering  the  platforms  are 

imported.     Structures  of  this  kind  may  be  made  very  light,  but  in 

this  respect  the  climate  and  the  liability  to  strong  winds  have  to  be 

considered.     In  the  case  of  iron  buildings  there  must  of  course  be 

added  the  cost  of  transport,  of  levelling  and  draining  the  site,  and  the 

cost  of  erecting  the  structure. 

For  terminal  or  other  important  stations,  where  imposing  build- 
ings and  large-span  roofs  are  required,  great  expense  may  be  incurred. 
Owing  to  the  great  area  enclosed  by  such  buildings,  their  high  cost  as 
compared  with  smaller  stations  is  not  immediately  apparent,  if  the 
cost  per  cubic  foot  be  alone  compared.  The  roofs  of  large  span 
erected  in  England  for  important  terminal  stations  have  cost  from 
five  to  eight  shillings  per  superficial  foot. 

To  allow  a  proper  design  to  be  made  for  a  railway  station,  infor- 
mation is  required  on  the  following  points : — 

1.  A  Plan  and  Section  of  the  railway  at  the  place  where  the 
station  is  required,  showing  the  lines  of  rails,  the  sidings,  junctions, 
and  signals,  the  land  available  for  buildings,  and  indicating  the 
]>osition,  nearest  the  town  or  otherwise,  most  suitable  for  the  offices ; 
the  length  of  the  trains  which  stop  at  the  station,  and  a  cross-section 
of  the  rolling  stock,  showing  the  height  of  the  floor  from  the  rails, 
and  a  profile  of  the  steps,  roof,  and  loading-gauge.  The  roads  and 
approaches  with  their  levels  in  relation  to  the  railway  must  be  in- 
cluded in  the  plan  and  section,  so  as  to  show  how  vehicles  and  goods 
will  arrive  at  and  leave  the  station. 

2.  The  Rank  which  the  station  will  occupy  on  the  line,  as  first, 
second  or  third  rate — a  definition  which  may  be  made  according  to 
the  following  circumstances ;  the  size  and  population  of  the  towns 
or  villages  adjacent  to  and  making  use  of  the  station ;  the  number  of 
trains  through,  and  the  number  stopping  at  the  station,  as  indicated 
by  a  copy  of  the  time-table. 

3.  The  approximate  Number  of  passengers  arriving  at  or  departing 
from  the  station,  and  the  anticipated  proportions  of  first,  second,  and 
third  class ;    the  number  of  railway  servants  who  will  be  employed. 
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and  their  grades,  and  whether  living  accommodation  is  required  for 
the  station-master  or  servants,  and  for  how  many  ;  whether  the  i)as- 
sengers  bring  much  luggage  with  them ;  whether  parcel  traffic  is  to 
be  provided  for ;  whether  a  mail  room,  or  a  postal  or  telegraph  office, 
or  a  refreshment  room  is  required ;  if  so,  on  which  side  of  the  station 
these  rooms  should  be  provided. 

4.  The  kind  and  social  Rank  of  people  who  will  use  the  station, 
so  far  as  will  help  to  determine  the  kind  of  waiting-room  and  other 
accommodation  necessary. 

5.  Whether  Fires  or  stoves  will  be  required  in  the  rooms  or  offices  ; 
if  so,  what  kind  are  usual  in  the  coimtry,  and  what  the  kind  of  fuel. 
The  method  of  Lighting, 

6.  Information  concerning  the  Climaie,  building  materials,  trans- 
port, water-supply  and  drains. 

If  provision  has  to  be  made  for  Goods  traffic,  or  a  goods-station 
is  required,  the  following  additional  information  must  be  sapplied. 

7.  The  number  of  goods  or  mineral  Trains  expected  to  stop  at 
the  station,  and  the  approximate  number  of  wagons,  distinguishing 
between  inwards  and  outwards  traffic,  so  as  to  show  which  pre- 
dominates. 

8.  The  nature  of  the  Merchandise  sent  from  or  to  the  station, 
and  the  weight  of  the  heaviest  pieces,  so  far  as  will  determine  the 
kind  of  buildings  and  cranes  which  will  be  required. 

9.  Whether  much  Shunting  or  marshalling  will  take  place  either  of 
trains  or  wagons,  and  what  siding  accommodation  will  be  necessary. 


Workshops. 


Railway  Workshops  are  required  principally  for  the  repairs  of 
locomotives  and  rolling-stock,  and  also  for  work  connected  with  the 
permanent-way  and  signals.  Economy  both  in  the  first  cost  and 
in  the  current  expenditure  in  the  workshops  afterwards,  depends 
igement  of  to  a  large  extent  on  the  proper  arrangement  of  the  buildings  and 
^  '  machinery  at  the  commencement.  It  is  sometimes  convenient  to 
adopt  a  standard  size  and  form  of  roof  for  all  the  sheds  on  the 
railway,  roofing  made  in  squares  of  20  ft.  or  40  ft.  being  sup- 
plied, so  that  any  number  may  be  combined  for  any  site.  The 
roof  principals  may  be  made  with  advantage  of  the  "  saw "  or 
"weaving-shed"  shape,  with  a  north  light  and  ventilation.  Some 
or  all  of  the  stanchions  or  columns  should  be  suitable  for  attach- 
ing small  lifting-cranes,  brackets  for  carrying  shafting,  and  sometimes 
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workshops  must  be  decided  primarily  by  the  length  of  railway  and 
the  amount  of  traffic  to  be  provided  for ;  and  the  greater  the  scale 
on  which  the  workshops  have  to  be  built,  the  greater  will  be  the 
number  of  subdivisions  that  may  be  advantageously  made  for 
different  processes.  In  colonies  and  places  where  private  factories 
are  not  available  for  the  ready  purchase  of  materials  and  fittings,  the 
railway  workshop  must  be  complete  in  a  way  not  necessary  in  manu- 
facturing countries.  Thus  a  small  melting  cupola  with  blower,  and 
a  brass  foundry  should  be  established  at  the  outset.  On  the  other 
hand,  in  designing  workshops  for  a  small  railway,  the  methods  which 
obtain  in  larger  shops,  or  on  more  important  railways,  should  not  be 
imitated,  as  special  tools  and  systems  which  may  be  applicable  in  the 
one  case,  but  which  involve  considerable  outlay  at  the  commence- 
ment, will  be  quite  out  of  place  in  the  smaller  one.  Not  only  have 
new  tools  -and  automatic  processes  been  invented  for  locomotive 
work,  but  lathes  and  other  machines  common  to  all  engineering 
factories  are  adapted  to  special  operations  of  detail,  the  need  for 
which  repeats  itself  so  regularly  as  to  keep  machinery  and  men 
constantly  employed.  Thus,  while  in  a  small  workshop  the  same 
wheel-lathes  may  serve  for  the  very  different  work  of  turning  large 
driving-wheels  and  small  wagon  wheels,  in  a  large  workshop  separate 
lathes  are  set  apart  for  each  of  these  duties.  Besides  the  ordinary 
lathes,  drilling-machines  and  other  tools  usual  in  all  engineering  and 
boiler  factories  (and  described  in  another  chapter),  the  following  may 
be  enumerated  as  special  to  a  railway  workshop : — 

Wheel-lathes ;  tire-boring  machines ;  tire-blocking  and  stretching 
machines ;  lathes  for  the  crank-axles  of  engines  with  inside  cylinders  • 
lathes  for  wagon  and  plain  axles ;  crank-pin  boring  or  quartering 
machines ;  multiple  drills  for  tube  plates ;  wheel-rim  driUing  machines ; 
wheel-rim  shaping  machines ;  key-way  drilling  machines ;  hydraulic 
presses  for  forcing  wheels  on  and  off  their  axles;  cylinder-boring 
machines  for  a  pair  of  cylinders ;  sheer-legs  for  lifting  locomotives  off 
their  wheels ;  hydrants  for  washing  out  the  engines. 

Of  the  above,  which  are  all  fixed  machines,  some  may  be  dispensed 
with  in  a  small  factory.  Thus,  there  is  no  need  to  devote  lathes 
specially  to  turning  axles  or  boring  cylinders,  as  an  ordinary  12-in. 
screw-cutting  lathe  may  serve  for  both  these  purposes ;  so  also,  tires 
may  be  bored  out  on  the  chuck  of  a  wheel-lathe  instead  of  on  a  special 
machine ;  crank-pin  boring-machines  may  be  dispensed  with  ;  one 
wheel-lathe  may  suffice,  if  made  large  enough  for  the  largest  kind  of 
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wheel,  or  even  an  ordinary  gap  lathe,  useful  for  other  purposes,  may 
be  sufficient.  Besides  the  fixed  machines,  numerous  portable  machine- 
tools  have  been  devised,  which  can  be  affixed  to  the  work  in.stead  of 
detaching  the  pieces  to  be  operated  on  from  the  locomotive  and 
bringing  them  to  the  machine;  the  use  of  such  machines  allomng 
great  economy  in  time  and  money.  Thus,  there  are  tapping-machines 
for  the  stays  of  fire-boxes,  machines  for  cutting  key-ways  in  eccentrics, 
and  machines  for  re-boring  cylinders  while  in  their  places.  Other 
special  appliances  are  being  introduced  into  large  locomotive  work 
shops.  Among  these  are  hydraulic  or  other  machines  for  testing 
springs ;  weighing  machines  for  ascertaining  the  distribution  of  weight 
on  the  various  axles ;  powerful  travelling-cranes  for  lifting  locomotives 
entire,  and  carrying  them  from  one  part  of  the  shop  to  the  other. 
Such  cranes  may  render  unnecessary  the  sheers  above  referred  to. 

It  is  obvious  that  the  extent  to  which  the  above  tools  can  be 
adopted  in  any  particular  workshop,  depends  on  the  kind  and  amount 
of  work  to  be  done,  and  on  the  amount  of  capital  available  for  it. 
Repairing-shops  for  a  small  railway  employing  only  six  locomotives 
and  100  vehicles  would,  if  built  in  England,  cost  from  ^10,000  to 
;^i 5,000,  including  machinery  and  tools,  but  ;^8ooo  will  generally 
suffice  at  the  commencement.  From  this  upwards  there  is  hardly 
any  limit ;  the  outlay  on  some  of  the  establishments  for  the  principal 
English  railways  approaching  a  million  sterling.  Indeed,  there  is  on 
some  railways  a  tendency  to  create  manufacturing  establishments 
unduly  large,  which  absorb  much  of  the  capital  and  management 
which  should  be  devoted  to  the  primary  purpose  of  carrying  traffic. 

Although  one  repairing-shop  may  suffice  for  a  considerable  length 
of  railway,  "  running-sheds  "  are  required  wherever  engines  have  to 
be  sheltered ;  and  it  is  usual  to  provide  in  such  sheds  water  under 
pressure  and  stand-pipes  for  washing  out  the  boilers,  a  furnace  for 
drying  sand,  stores  for  such  articles  as  gauge-glasses,  piston-rings,  and 
small  parts  often  required,  as  well  as  for  coal,  oil,  tallow,  and  waste. 
How  far  other  tools  may  be  added,  such  as  a  small  lathe,  or  smithy  fire, 
depends  on  the  distance  from  the  repairing-shops  and  the  likelihood 
of  sudden  local  repairs  being  required.  It  is  of  course  convenient  to 
have  a  coal-stage  and  water- tank  near  to  the  running-shed.  It  is 
often  also  necessary  or  expedient,  if  there  are  no  suitable  houses  near 
at  hand,  to  provide  dwellings  for  the  foremen,  engine-drivers,  and 
others,  so  that  they  may  be  quickly  summoned,  and  saved  a  long 
walk  before  and  after  working  hours. 
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The  following  information  is  necessary  as  a  basis  for  planning       information 

necessiry. 

railway  workshops  and  for  selecting  the  most  suitable  tools. 

I.  The  Length  of  the  rcdlway  to  be  served  by  the  workshops:  Extent  of  railway, 
whether  a  single  or  double  line ;  the  gauge  of  the  railway  and  the 
number  of  train-miles  run. 

a.  The  Number  of  locomotives  on  the  railway,  with  a  description  of 
each  type,  including  the  weight  and  diameter  of  the  largest  \vheel ; 
and  the  approximate   number   in  detail   of  each   different  kind  of 


Number  and  kind 
ot  engines. 


carnage  or  wagon. 


3.  A  Plan  and  section  of  the  Land  available  for  the  workshops, 
showing  the  railway  and  the  positions  of  the  stations,  buildings,  and 
sidings,  and  the  road  approaches.  The  likelihood  of  complaints  of 
nuisance  from  the  smoke  caused  by  the  engines.  The  nature  of  the 
soil,  and  its  suitability  for  foundations ;  the  direction  and  system  of 
the  drainage. 

4.  The  Building  materials  available,  the  climate,  and  other  local 
information  as  already  described. 

5.  The  nature  and  extent  of  Tfu  work  to  be  done :  for  instance, 
whether  locomotives  are  to  be  made  as  well  as  repaired;  v/hether 
carriages  and  trucks  are  to  be  made,  and  if  so,  whether  everything 
will  be  done  in  the  local  workshops,  or  the  ironwork  imported. 
When  a  railway  is  thoroughly  established,  it  may  be  advantageous 
to  make  wagons,  so  as  to  save  the  cost  of  carriage  from  a  manu- 
factory, and  to  find  employment  for  workmen  whose  primary  duty 
may  be  in  repairs.  But  it  is  seldom  exfxjdient  to  make  other  ironwork 
than  the  simplest  forgings.  Springs,  buffers,  and  minor  fittings  are 
hardly  ever  made  in  railway  workshops. 

6.  The  kind  of  Limber  used  for  the  carriages  and  wagons,  and  the 
condition  (logs,  sawn  timber  or  planks)  in  which  it  will  arrive  at 
the  factory. 

7.  Whether  an  iron  or  brass  Foundry  is  required,  or  whether  the 
necessary  castings  can  be  purchased.  Whether  sand  suitable  for  a 
foundry,  or  sand  for  the  locomotive  wheels,  is  obtainable. 

8.  The  kind  of  Signals  used  on  the  railway  should  be  described,  and 
anything  special  connected  with  the  points  or  permanent-way  which 
needs  special  repairs. 

9.  The  kind  of  Fuel  used  on  the  locomotives  and  obtainable  for 
the  factory  engine  and  smiths'  fires. 

10.  The  source  of  the    Water  supf>h\   and  the  quality  and  pres- 
sure of   the  water ;    the  number  of  engines  per  day  to    be  washed 

2   \ 


Plan  and  section 
of  site. 


Foundations. 

Materials. 
Set  p(fge  74. 

Nature  and 

extent  of  work 

to  be  done. 


Making  wagons 
or  repairing  only. 

See  ^agrs  408,  451  <5r* 
597. 


Timber. 


Iron  and  brass 
foundry. 


Signals  and 
permanent- way. 


Fuel. 


Water  supply. 


690 


Mathesms  Aid  Book.         [Chap.  XXIII 


Liffhting. 


Houses. 


out  or  wanting  water,  and  the  capacity  in  gallons  of  the  engine 
tanks. 

1 1.  The  system  of  Lighting  the  workshops  which  is  to  be  adopted, 
and  whether  gas-works  or  electric  light  apparatus  are  required. 

12.  Whether  houses  or  other  living  accommodation  is  wanted  for 
any  of  the  workmen,  foremen,  or  staff,  and  if  so,  for  how  many. 


Platelayers' 
tools. 


Platelayers^  tools  cost  from  ;^5  to  J[^20  per  set,  and  a  proper  selec- 
tion depends  on  the  following  information  : — 

The  extent  of  railway  for  which  the  tools  are  required ;  the  amount 
of  traffic,  as  indicated  by  the  number  of  trains  per  day  or  the  number 
of  train-miles ;  the  gauge  of  the  railway,  and  the  width  of  the  "  six- 
foot  " ;  the  system  of  permanent-way,  describing  the  section  and  weight 
of  the  rails,  and  the  mode  of  fastening  and  jointing  them  ;  the  weight 
of  the  engines ;  the  climate ;  and  the  kind  of  workmen  employed. 

Ramps  by  which  engines  and  wagons  may  be  replaced  on  the  line 
after  accidental  derailment  are  now  generally  used  on  railways. 
They  cost  from  j[^2  to  ^3  each,  and  weigh  from  80  to  100  lbs.,  so 
that  they  may  be  carried  on  the  engine  or  in  the  guard's  carriage. 


\See  also  Railways  :  Locomotives  and  Rolling  Stock  : 

Factories.] 
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RAILWAY  EQUIPMENT  (CONTINUED).      LOCOMOTIVES   AND 

ROLLING-STOCK. 
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In  the  design  and  equipment  of  a  new  railway,  the  Locomotives  ^\\ov\d  Locomotives, 
be  considered  at  an  early  stage  of  the  proceedings ;  for  if  this  be  not 
done,  and  the  railway  be  laid  out,  and  the  gradients,  curves,  and 
permanent-way  settled,  the  locomotive  engineer,  when  his  time 
comes,  will  find  that  he  has  to  carry  the  traffic  under  conditions 
which  he  might  have  improved  if  he  had  been  consulted  earlier. 
The  gauge  of  the  railway,  the  kind  of  rails,  and  the  strength  of  the 
bridges,  should  in  a  large  measure  depend  on  the  size  and  power 
necessary  in  the  engines;  but  these  essential  points  are  often  irre- 
vocably determined  before  the  locomotives  are  thought  of.  It  is 
evident  that  a  powerful  engine — if  such  be  required — is  crippled  if  a 
narrow-gauge  and  light  rail  limit  the  size  and  accessibility  of  its  work- 
ing parts ;  while,  on  the  other  hand,  a  permanent-way  may  have  been 
constructed  unnecessarily  wide  or  strong  for  the  kind  of  locomotive 
which  the  gradients  and  traffic  require. 

On  every  railway,  the  use  of  the  most  appropriate  kind  of  train  is  choice  of  engine 
an  important  factor  in  the  economical  working  of  the  line ;  and,  in 
conjunction  with  the  gradients,  it  determines  the  power  and  class  of 
engine  that  is  required.  Generally,  heavy  trains  at  slow  speeds  are 
preferable  for  mineral  and  through  traffic,  or  where  the  movement 
is  from  one  great  centre  to  another,  or  where — as,  for  instance,  in 
India  or  South  America— fuel  and  wages  are  dear  while  time  is 
cheap.  On  the  other  hand,  where  the  traffic  is  chiefly  local,  or 
consists  of  passengers  or  perishable  goods,  lighter  trains,  running 
at  more  frequent  intervals,  are  required  by  the  community,  and  are 
essential  to  profitable  management. 

The  tractive  power  of  a  locomotive  depends,  not  only  on  the  force 
exerted  by  the  steam  on  the  pistons,  but  on  the  adhesion   of  the 
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engine  upon  the  rails,  and  therefore  on  the  condition  of  the  rails. 
The  greatest  adhesion  is  obtained  when  the  rails  are  quite  dry 
or  very  wet;  the  maximum  under  such  circumstances  being  about 
one-fourth  the  insistent  weight  on  the  driving  wheels  of  the  engine, 
including  in  this  weight  that  on  all  the  wheels  coupled  to  those  which 
receive  the  pqwer  from  the  piston-rods.  As  an  example,  if  the 
driving-wheels  of  the  engine  press  with  a  weight  of  20  tons  on  the 
rails,  a  tractive  force  of  5  tons  may  be  exerted ;  though  this  maximum 
is  obtainable  only  under  favourable  circumstances.  One-sixth  is  a 
fau:  average;  while  one-tenth,  or  about  224  lbs.  for  each  ton  weight, 
may  be  considered  the  minimum.  The  last  is  an  extreme  case,  which 
occurs  only  when  the  rails  have  become  very  slippeiry  in  damp,  foggy, 
frosty,  or  snowy  weather.  In  such  cases,  if  the  train-load  exceeds  what 
this  reduced  adhesion  will  draw,  the  driving-wheels,  instead  of  ad- 
vancing, will  slip  round,  but  the  slipperiness  may  not  only  be  to  a 
considerable  extent  counteracted  by  the  sprinkling  of  dry  sand  on  the 
rails,  but  still  more  neutralised  by  the  modem  introduction  of  the 
sand-blast.  In  hot,  dry  countries  the  wheels  seldom  slip ;  in  England 
the  slipperiness  varies  with  the  weather,  and  is  often  very  great ;  while 
in  certain  seasons,  or  after  dew-fall,  in  moist  countries  like  the 
Mauritius  and  the  west  coast  of  South  America,  slipping  can 
hardly  be  avoided  by  sand-pipes  in  front  of  each  coupled  wheel 
With  ordinary  care  and  appliances  a  coefficient  of  one-sixth  can  be 
obtained  even  under  unfavourable  circumstances,  and  very  often  one- 
fourth. 

On  a  level,  well-laid  road,  engines  can  draw  very  heavy  loads,  as 
the  only  resistance  then  to  be  overcome  are  the  friction  of  the 
axles  in  their  bearings,  the  wheels  on  the  rails,  and  the  resistance 
of  the  air  or  wind.  But  resistance  often  seems  to  vary  unaccountably 
under  precisely  similar  conditions.  On  the  best  British  lines, 
where  the  permanent-way  and  the  rolling-stock  are  in  good 
condition,  the  total  from  these  causes  is  so  slight  that  the  resist- 
ance to  haulage  of  a  passenger  train,  when  running  on  a  level 
track  at  15  miles  an  hour,  is  only  from  3  to  6  lbs.  per  ton 
weight  of  train  (though  about  treble  this  force  is  necessary  to  start  a 
train) ;  but  the  resistance,  owing  to  oscillation  and  greater  air  pressure, 
increases  with  the  si)eed,  so  that  at  40  miles  an  hour  the  resistance 
would  be  from  10  to  18  lbs.  per  ton.  The  higher  speed  therefore 
involves  a  greater  expenditure  of  steam,  and  consequent  consumption 
of  fuel.      The  maximum   speed  which   can  be  attained  obviously 
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depends  on  the  condition  of  the  road  and  rolling-stock,  so  that, 
while  on  the  best  English  lines  passenger  trains  maintaining  an 
average  speed  of  50  miles  an  hour  sometimes  run  for  short  distances 
at  the  rate  of  75  or  even  80  miles  an  hour,  the  maximum  speed 
attainable  with  the  same  tractive  force  on  less  perfect  lines  would 
be  much  less.  If  the  rails  be  badly  laid  or  much  worn,  or  the 
rolling-stock  be  in  bad  condition,  the  friction  is  increased,  and  instead 
of  3  or  6  lbs.  per  ton,  the  resistance  and  haulage,  even  of  a  passenger 
train  at  a  slow  speed,  would  be  10  lbs.  or  more;  and  in  countries 
where  the  railways  have  been  too  cheaply  or  hastily  constructed,  or 
are  badly  maintained,  the  resistance  is  still  greater  and  the  expenses 
of  haulage  are  very  high.  The  resistance  to  haulage  of  a  goods 
train,  when  moving  at  a  speed  of  from  15  to  20  miles  an  hour,  ranges, 
on  a  well-laid  line,  from  8  to  16  lbs.  per  ton  weight  of  train. 

It  is,  however,  the  maximum  or  ruling  gradient  of  a  railway 
which  mainly  determines  the  power  necessary  in  the  engine,  and 
if  railways  could  only  be  made  level,  engines  might  be  much 
smaller  and  lighter  than  they  are,  or  the  trains  much  heavier.  In 
ascending  an  incline,  the  gravity  of  the  train  has  to  be  overcome ; 
and  in  this  respect,  a  train  on  a  railway  has  no  advantage  over  a 
vehicle  on  an  ordinary  road.  As  has  already  been  described,  the 
dead  weight  of  the  train  has  to  be  lifted,  so  that  a  gradient  of  even 
I  in  100  adds  one-hundredth  part  of  a  ton,  or  22^  lbs.  to  the  haulage 
force  required  for  each  ton  weight  of  a  train.  Thus,  if  10  lbs.  be 
sufficient  for  the  haulage  of  each  ton  on  a  level,  the  resistance  is 
more  than  trebled.  A  gradient  of  i  in  50  would  add  45  lbs.  to  the 
10  lbs.,  and  so  on.  As  an  example,  a  locomotive  weighing  30  tons, 
and  having  an  insistent  weight  on  the  coupled  wheels  of  20  tons,  will 
have,  reckoning  only  one-sixth  of  the  weight  (which  is  a  moderate 
estimate)  a  tractive  force  of  7467  lbs.,  and  at  the  rate  of  10  lbs. 
haulage  resistance  per  ton  of  load,  will  draw  on  a  level  track  a  train 
of  746  tons  exclusive  of  the  engine.  Hut  on  an  incline  of  i  in  200 
the  resistance  is  21 J  lbs.  instead  of  10  lbs.,  and  the  engine  will  draw 
only  321  tons ;  on  a  gradient  of  i  in  100,  200  tons  ;  on  one  of  i  in  50, 
106  tons;  and  on  i  in  20  only  31  tons.  But  on  steep  inclines  it  is 
usual  to  so  couple  all  the  wheels  as  to  utilise  all  the  weight  of  the 
engine  for  adhesion.  If  the  whole  30  tons  were  thus  utilised  it  could 
draw  62  tons.  It  is  because  of  the  reduction  of  haulage  capacity  which 
takes  place  on  steep  gradients  as  above  described,  that  considerable 
expense  in  cuttings,  tunnels,  and  embankments  is  incurred  in  order  to 
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make  a  railway  as  level  as  possible.    The  greater  the  traffic  expected, 
the  more  justification  is  there  for  such  expenditure,  as  the  saving  in 
haulage  outweighs  the  interest  on  the  extra  capital  expended.      But 
the  necessity  or  desire  for  cheap  first  cost,  which  often  leads  to  the 
use  of  steep  gradients  in  the  construction  of  railways,  involves  expense 
in  other  ways.     The  engines,  in  order  to  have  adhesive  force   to 
overcome  the  greater  resistance,  must  be  made  heavier  than  for  level 
roads ;  the   rails  must  therefore  be  stronger  and   more  expensive ; 
and  the  expenses  of  fuel  and  maintenance  are  increased.      These 
circumstances,  and  the  disadvantages  above  described,  are  not  always 
sufliciently  appreciated  when  it  is  attempted  to  economise  in  con- 
struction.    Gradients  steeper  than  i  in  loo  seldom  occur  on  English 
main  lines,  but  where  the  advantages  of  railway  communication  are 
not  otherwise  attainable,  much  steeper  gradients  may  be  surmounted. 
An  incline  of  i  in  20  is  seldom  met  with,  and  is  still  more  rarely 
exceeded  by  trains  drawn  or  pushed  by  ordinary  locomotives ;  but 
by  special   contrivances   even   steeper  inclines  may   be   overcome. 
The  objections  to  very  steep  gradients  lie  in  the  descent  as  well  as  in 
the  ascent,  and  although  locomotives  have  been  made  to  haul  (vtith 
no  other  grip  on  the  rails  than  their  adhesion-weight  affords)  loads  up 
gradients  as  steep  as  i  in  15,  no  system  of  brake-power  by  which 
merely  the  gravity  weight  of  the  engine  skidding  on  the  rails  is  made 
effective,  would  render  the  descent  of  such  a  gradient  safe  with  a 
load  as  great  as  the  engine  could  haul  up.     And  unless  the  road  be 
in  good  condition,  a  gradient  of  i  in  20  would  in  the  same  way  be 
dangerous.     On  the  railway  over  Mont  Cenis,  in  operation  before 
the  tunnel  was  completed,  the  "  Fell "  system  of  a  centre  rail  was 
successful  on  gradients  as  steep  as  i  in  12.     The  centre  rail,  with 
wheels   pressing   sideways   upon  it,  was  as  necessary  for  safety   in 
descent  as  for  power  in  ascent.     The  more  modem  method  adopted 
on  the  Rhigi,  the  Zermatt,  and  other  mountain  railways  in  Switzerland, 
where  there  are  gradients  as  steep  as  i  in  5,  is  that  by  which  toothed 
wheels  up)on  the  engine  work  into  steel  racks  laid  between  the  rails. 
There  is  also  the  plan  for  still  steeper  gradients  (available  also,  of 
course,  for  vertical  loads)  of  a   fixed  winding-engine  hauling  the 
carriages  by  a  wire  rope,  as  is  usual  in  and  about  mines. 

Locomotives  differ  so  variously  that  they  can  only  be  classified 
broadly  according  to  some  of  their  leading  features.  The  position  of 
the  cylinders,  inside  or  outside  the  framing,  is  one  important  point  of 
difference,  and  engines  may  be  divided  into  two  classes  accordingly. 
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Inside  cylinders  are  generally  preferred  in  Great  Britain  and  on  the 
broad-gauge  lines  in  India,  while  outside  cylinders  are  almost  uni- 
versal in  the  colonies,  and  on  the  Continent  and  in  the  United  States. 
Inside  cylinders  require  the  use  of  a  crank-axle,  and  crowd  the 
working  parts  of  the  engine  so  as  to  render  them  less  accessible  than 
when  the  cylinders  are  farther  apart.  On  the  other  hand,  engines 
^th  inside  cylinders  are  lighter,  and  allow  of  certain  economies  in 
manufacture.  Another  reason  for  their  use  in  England  has  been 
that  the  leading  axle  can  be  placed  under  or  very  near  the  cylinders. 
This  is  especially  convenient  >vith  the  usual  type  of  English  goods- 
engine,  where  the  six  wheels  are  all  coupled,  for  the  weight  on  the 
leading  wheels  would  be  excessive  were  outside  cylinders  used  But 
the  use  of  a  bogie  or  radiating  axle  at  the  front  end  of  the  engine 
overcomes  these  objections,  and  not  only  gives  a  flexible  wheel  base, 
but  allows  outside  cylinders  to  be  used  with  a  good  distribution  of 
weight  on  the  wheels.  This  conduces  to  smooth  running  on  a  rough 
road.  For  the  high  speeds  usual  in  England,  the  supposed  greater 
steadiness  when  the  engine  is  running,  the  compactness  of  parts,  and 
the  less  wear  on  the  driving  axle-boxes,  are  also  arguments  in  favour 
of  inside  cylinders  ;  but  in  countries  where  slow  speeds  are  usual,  any 
unsteadiness  caused  by  outside  cylinders  is  of  less  consequence. 

Another  classification  of  engines  is  that  according  to  the  mode 
of  carrying  fuel  and  water,  the  arrangements  for  this  being  deter- 
mined mainly  by  the  distance  apart  of  the  sources  of  water  supply, 
and  by  the  distance  to  be  run  without  stopping.  Tender-engines  are 
generally  used  for  through  trains,  but  the  large  tenders  necessary  in 
crossing  arid  plains  or  deserts  where  no  water  is  met  with  for  50  or 
even  100  miles,  are  unnecessary  in  trains  stopping  more  frequently, 
and  tenders  are  made  to  suit  the  service  required.  In  England,  trains 
run  130  miles  without  stopping,  and  without  access  to  water  troughs 
laid  between  the  rails  for  supplying  the  engine  while  running.  But 
this  is  only  possible  where  the  easy  gradients  and  the  weight  of  train 
limit  the  power  and  quantity  of  water  required.  A  Tank-engine  has 
no  separate  tender,  but  carries  its  water  either  in  a  tank  on  the  boiler 
or  on  each  side  of  it,  and  the  fuel  in  bunkers  behind  or  on  each  side 
of  the  foot-plate  ;  the  position  of  the  water  and  fuel  being  determined 
by  what  is  necessary  to  a  proper  distribution  of  the  load  upon  the 
different  wheels.  If  carefully  designed  in  these  respects,  and  well 
made,  a  tank-engine  will  run  steadily,  and,  on  a  steep  incline,  will 
haul  a  greater  paying  load  than  a  tender  engine  of  similar  cylinder 
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power,  but  with  less  adhesion  weight  on  the  rails  (all  the  wheels  of 
the  engine  being  in  either  case  rendered  effective  by  coupling), 
because  in  the  latter  case,  as  the  tender  has  to  be  hauled,  its  weight 
is  included  in  that  of  the  train,  while  in  a  tank -engine  the  load  of  fuel 
and  water  is  effective  as  adhesion-weight  and  the  haulage  force  is  all 
available  for  the  train.  On  narrow-gauge  railways  with  light  rails 
these  circumstances  are  in  favour  of  a  tank-engine  for  steep  inclines. 
Tank-engines  are  preferable  for  short  runs,  branch  lines,  shunting  at 
stations,  and  for  contractors'  purposes  ;  but  they  cannot  carry  sufficient 
fuel  for  long  runs,  and  the  side  tanks,  especially  on  narrow-gauge 
lines,  render  them  unsteady  at  quick  speeds  or  on  uneven  roads. 
Moreover,  there  is  for  any  but  very  strongly-made  railways  a  limit  of 
size  to  these  engines,  because  if  made  with  boilers  and  cylinders  of 
large  capacity,  the  additional  weight  of  water-tanks  and  fuel  on  a 
short  wheel-base  imposes  too  great  a  load  on  the  rails  and  bridges. 
But  very  powerful  tank-engines  are  occasionally  used,  the  heaviest 
having  a  load  of  1 6  tons  on  each  of  three  pairs  of  wheels,  or  a  total  of 
48  tons  on  a  wheel-base  of  16  ft.  Engines  of  this  kind  strain  small 
bridges  more  than  the  heaviest  tender  engines,  and  the  strength  of 
the  permanent-way  and  bridges  should  be  considered  before  such  an 
engine  is  chosen.  On  the  South  African  railways  which  cross  arid 
hilly  ranges,  considerable  adhesion  and  large  water  capacity  are  neces- 
sary, and  therefore  tank-engines,  having  also  separate  tenders,  are 
used. 

Another  classification  of  engines  may  be  made  according  to  the 
coupling  of  the  wheels.  By  coupling  one  or  more  pairs  of  wheels  to 
the  pair  on  the  crank  or  driving-axle,  the  adhesion  weight  on  all  the 
wheels  so  coupled  is  rendered  effective.  Thus,  there  are  "  single  '* 
engines,  in  which  the  driving-wheels  are  not  coupled  on  to  the 
other  axles,  and  only  the  weight  on  the  one  pair  of  driving-wheels  is 
effective  for  adhesion ;  "  four-wheel-coupled  "  engines,  in  which  two 
axles  or  pairs  of  wheels  are  connected  together ;  "  six-coupled " 
engines,  with  three  pairs  of  wheels  coupled;  and  finally,  "eight- 
coupled  "  engines  with  four  pairs  of  wheels  coupled.  For  passenger 
trains  on  easy  gradients  where  a  high  speed  is  required,  an  engine 
with  one  pair  of  driving-wheels  is  sometimes  used,  because,  while 
the  weight  on  one  i)air  of  wheels  aflbrds  sufficient  adhesion  for  a 
light  load,  the  arrangement  is  favourable  to  quick  running.  Single 
engines  will  draw  considerable  loads  on  well-laid  lines,  and  even 
gradients  as  steci)  as  i  in  100  do  not  hinder  their  use.     When  once 
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a  speed  of  30  miles  an  hour  is  attained,  these  engines  compare 
favourably  with  coupled  engines ;  but  while  they  may  be  thus  suf- 
ficient for  long  runs  without  stopping,  it  is  difficult  with  them  to  DisadvantaRcs  of 

,  •ii>4*  'I*  1-  •!         sinfl^le  engines. 

Start  promptly,  especially  if  on  an  incline  or  on  slippery  rails, 
and  they  are  therefore  unsuitable  where  such  circumstances  are  likely 
to  occur.  Moreover,  with  increasing  traffic  and  heavier  rolling  stock 
the  weight  of  trains  has  tended  to  increase,  and  the  concentra- 
tion on  one  pair  of  wheels  of  the  load  necessary  for  adhesion  is 
trying  to  the  permanent-way  and  bridges  on  any  but  strongly-made 
lines.  Their  use,  which  is  almost  entirely  confined  to  a  few  lines  in 
Great  Britain  and  France,  is  encouraged  by  the  use  of  heavier  and 
stronger  steel  rails  than  formerly,  and  by  the  introduction  of  steam  Steam  sanding, 
sanding  before  referred  to,  which  even  in  windy  weather  secures  a  Seepage^. 
good  supply  of  sand,  and  thus  enables  the  maximum  adhesion  to  be 
maintained  under  adverse  circumstances.  Though  it  is  found  that 
four-coupled  engines  are  sufficient  for  speeds  up  to  50  miles  an  hour, 
and,  under  favourable  conditions,  even  for  60  miles  an  hour,  single 
engines  are  undoubtedly  best  for  light  trains  running  at  high  speed  Quick  light  trains, 
on  a  level  railway.  The  risk  of  coupling-rods  breaking,  which  is 
often  a  cause  of  accident,  is  of  course  avoided  by  the  use  of  single 
engines,  which  have  no  coupling-rods.  Four-wheel-coupled  engines 
are  usual  for  ordinary  passenger  trains  and  light,  quickly-running 
goods  trains  on  easy  gradients,  but  for  general  goods  traffic  three 
pairs  of  wheels  are  coupled.  It  is  not  that  engines  with  two  pairs 
coupled  are  insufficient  when  once  in  motion,  but  they  are  often 
unequal  to  the  starting  of  heavy  trains,  and  therefore  are  not  suitable 
where  much  shunting  is  required.  The  coupling  of  more  than  three 
pairs  of  wheels  is  seldom  exceeded  in  Great  Britain,  but  on  the  Con- 
tinent and  on  some  lines  in  the  United  States,  where  heavy  goods 
trains  are  taken  over  permanent-ways  not  strong  enough  for  great 
adhesion- weights  concentrated  on  a  few  wheels,  four,  and  in  rare  Eight- wheel- 
cases  more,  pairs  of  wheels  are  coupled  together.  In  the  distribution  *^°"f*  engines, 
of  weight  on  the  wheels,  and  in  arranging  the  total  weight  of  engine 
and  tender  on  a  wheel-base  of  certain  length,  the  sufficiency  of  the  ^,^ 

permanent-way  and  bridges  to  sustain  such  loads  without  injury  is  an  lI 

important  point  to  be  considered.  ^|     1 

Where  there  are  curves  on  the  railway  of  less  radius  than  20  chains  ,-  -  - 

(1320  ft.)  it  is  advisable  to  use  engines  with  a  flexible  wheel  base. 
Such  engines  are  known  as  Bogie-eHgines^  a  "  bogie "  or  frame  with 
lateral  and  swivelling  motion  carried  by  four  wheels  being   placed    Bogie -engines. 
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under  either  end  of  the  engine.  Such  an  arrangement  is  applied  to 
the  engines  shown  in  Figs.  191  and  192,  where,  as  is  generally  the 
case,  the  bogie  is  placed  under  the  cylinders.  A  single  pair  of 
radiating  wheels,  often  termed  a  "  pony  "  truck,  can  be  applied  in  a 
similar  manner,  and  fulfils  the  same  object,  guiding  the  engine  round 
curves,  and  reducing  the  resistance  and  the  wear  of  tires  and  wheels. 
When  a  pony  truck  is  used  with  six  coupled  wheels,  the  engine  is 
termed  a  "  Mogul,"  and  where  with  eight  coupled  wheels,  a  "  Con- 
solidation." In  a  "  double-ender  "  a  pony  truck  is  used  at  each  end 
of  the  engine,  which  is  thus  equally  flexible  whether  running  back- 
wards or  forwards.  Although  bogie  engines  were  at  an  early  date 
made  in  England,  locomotives  of  the  ordinary  kind  continued  to  be 
exported  for  use  even  on  railways  where  the  road  and  curves  were 
unsuited  for  their  use.  Bogie  engines  for  meeting  the  difficulty  were 
first  made  on  a  considerable  scale  in  the  United  States,  and  have 
since  been  widely  adopted  in  Europe  and  elsewhere. 

On  most  railways  fuel,  tubes,  and  tires  form  the  three  main  items  on 
which  the  expenses  of  wear  and  tear  in  running  are  incurred.  Various 
points  in  the  design  of  a  locomotive  depend  on  the  kind  of  fuel 
to  be  used  Almost  every  kind  of  coal  can  be  burnt,  but  the  fire- 
box, grate,  tubes,  blast-pipe,  and  other  parts  have  to  be  specially 
arranged  to  suit  the  kind  of  fuel  to  be  used.  The  generation  of 
steam,  and  the  maintenance  of  sufficient  pressure,  depend  on  the 
skill  of  the  driver  and  fireman,  who  should  attain  these  objects  with 
the  least  possible  expenditure  of  fuel,  an  important  item  in  the 
economy  of  railway  working.  On  English  railways  the  consumption 
of  coal  ranges  from  2J  lbs.  to  4  lbs.  per  indicated  horse-power  per 
hour,  but  much  of  course  depends  on  the  quality  of  the  coal.  For 
passenger  trains  the  consumption  per  mile  ranges  from  15  lbs.  for 
light  trains  at  moderate  speeds  to  35  lbs.  for  heavy  trains,  and  even 
this  is  exceeded  for  trains  which  have  to  stop  very  frequently.  For 
goods  trains  the  consumption  varies  from  35  lbs.  for  light  express 
goods  trains  to  50  lbs.  for  heavy  mineral  trains.  But  it  is  not  easy 
to  reckon  coal  according  to  mileage,  because  much  coal  is  consumed 
while  the  engine  is  standing  idle  or  shunting;  but,  on  the  other 
hand,  this  unit  of  consumption  is  convenient  to  railway  managers, 
and  is  more  frequently  adopted  than  the  more  scientific  plan  of 
measuring  the  coal  according  to  the  quantity  of  water  evaporated 
per  passenger  per  mile  or  per  ton  hauled  per  mile.  It  is  generally 
attempted,  by  supervision  and  a  system  of  rewards,  to  give  to  the  men 
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engaged  a  share  in  the  saving  below  a  fixed  standard  of  consumption. 

Wood  fuel  requires  a  sharp  blast  to  promote  consumption,  and  pro-       Wood  fuel. 

duces  abundant  sparks,  which,  to  prevent  the  ignition  of  herbage  or 

trees,  or  even  the  train  itself,  must  be  consumed  or  stopped  in  the   Spark  arrester*. 

chimney  by  a  suitable  contrivance.     In  Europe,  railways  are  almost 

always  fenced  in  from  the  surrounding  land ;  but  in  countries  where 

this  expense  is  avoided,  the  engines  must  be  provided  with  cow-    Cow-catchers. 

catchers  or  pilots  for  clearing  the  track  of  straying  cattle  or  wild 

animals. 

Most  of  the  improvements  which  have  been  made  in  locomotives 
since  i860  are  applicable  to  all   the  types  just  described.     Greater 
power  than  formerly  is  obtained ;  and  by  a  compact  arrangement  of  i^^ge  cylinders, 
parts,  cylinders  of  18  in.  and  even  19  in.  diameter  are  placed  without 
inconvenience  within   the   framing   of  standard-gauge   engines,  the 
increased  piston  area  so  obtained  being  very  considerable.     Improved 
boilers  and  fire-boxes  facilitate  rapid  combustion  and  the  generation 
of  sufficient  steam   for  such  large  cylinders.     As  boiler  space   is         Boilers, 
limited  on  a  locomotive,  it  has  been  sought  to  increase  the  power  by 
higher  pressures  of  steam,  but  there  are  certain  difficulties  which 
limit  any  great  alteration  in  this  respect.     From  130  lbs.  to  150  lbs.    steam  pressure, 
per  square  inch  are  usual  working  pressures  in  England,  and  on  a    '^>'«'«A»^58o. 
few   railways    160   lbs.  is   customary.      On   some  foreign   railways 
180  lbs.  prevails,  while  the  pressure  customary  in  other  kinds  of 
land  steam-engines  seldom  exceeds  120  lbs.     The  maximum  average 
pressure  on  the  piston  for  a  sustained  effort,  such  as  in  surmounting      Pressure  on 

piston. 

a  long  incline,   is   from   three-fifths  to   three-fourths   of  the  boiler 

I)ressure ;  for  a  short  distance,  or  at  starting,  85  per  cent. ;   while, 

at  full  speed  only  about  one-third  of  the  boiler  pressure  can   be 

reckoned  on.     The  highest  piston-speed  ranges  from  about  500  ft.     Piston  speed. 

per  minute  for  a  goods-train  engine  at  20  miles  an  hour,  to  about 

1000   ft.    per   minute   for  an   express   passenger-engine  running  at 

60  miles  an  hour. 

The  most  striking  departure  from  ordinary  practice  has  been  the 
application  of  the  compound  principle  to  locomotives,  where  it  is  Compound 
sought  to  obtain  the  economy  and  other  advantages,  proved  in  the 
case  of  marine  engines,  of  allowing  the  high-pressure  steam  to  expand 
in  two  or  more  cylinders  in  succession,  whereas  in  ordinary  steam- 
engines  it  is  begun  and  ended  in  one  cylinder.  Various  methods  of 
carrying  out  this  idea  have  been  tried  in  England  and  the  United  As  tried  in 
States.      In  some  cases  one  large  cylinder  has  been  added,  and  in    unlfed^states. 
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other  cases  two  cylinders.  The  different  systems  of  in$ide  and  out- 
side cylinders  which  obtain  in  the  two  countries,  and  a  due  regard  to 
the  balancing  of  the  engine,  have  affected  the  solution  of  the  question 
in  each  case.  Up  till  1898,  although  probably  more  than  300  engines 
on  the  compoimd  principle  were  in  use,  the  advantages  claimed  had 

Not  yet  Mndeiy  not  led  to  any  wide  or  general  adoption  of  it  One  difficulty  of  apply- 
ing the  principle  arises  from  the  fact  that  locomotives,  unlike  most 
other  engines,  have  to  exert  full  power  at  starting,  and  this  full  powder 
is  not  in  all  cases  immediately  available  when  the  steam  is  admitted 
to  the  high-pressure  cylinders. 

steam  brakes.  Steam  brakes  have  been  extensively  adopted  for  goods-engines. 

Seepage  707.  ^jid,  are  found  of  great  use  in  giving  to  a  driver  more  control  over 
his  train ;  they  also  allow  considerable  saving  in  time  in  shunting^. 
Continuoua  Continuous  brakes,  most  of  which  are  worked  from  the  engine  by 
the  driver,  and  which  are  used  on  all  important  passenger  trains,  are 
also  used  to  great  advantage  on  goods  trains  in  some  of  the  British 
colonies  where  the  gradients  are  long  and  severe.  Where  such  brakes 
are  applied  to  goods  wagons  as  well  as  to  passenger  vehicles,  mixed 
trains  can  be  run  at  a  higher  speed  than  would  be  safe  were  the 
goods  wagons  fitted  only  with  hand-brakes.  The  application  of 
continuous  brakes  to  long  goods  trains  presents  many  difficulties,  but 
is  likely  to  become  general. 

Modern  use  of  While,  as  just  deschbed,  the  most  conspicuous  improvements  have 

"*^*  been   in   the   direction   of    greater    power  and    flexibility,   various 

improvements  in  detail   have   been   made   in  order  to  render  the 

Improved  boilers,  locomotive   more   durable.     Steel   is  used  for  boilers,  tires,  axles, 

wheels,  slide-bars,  piston-rods,   coupling-rods  and   other   important 

parts,  but  it  has  not  generally  been  found  so  effective  as  brass  for 

Fire-boxes.       tubes,  or  SO  trustworthy  as  copper  for  fire-boxes,  its  use  for  this 

purpose  being  almost  exclusively  confined  to  engines  made  in  the 

Copper  or  steel.   United  States.     While  steel  is  cheaper  than  copper,  and  is  as  durable 

where  the  water  is  perfectly  soft  or  nearly  pure,  it  is  less  durable  with 
hard  water,  and  on  some  railways  it  is  deemed  necessary  or  expe- 
dient to  soften  the  water  artificially  before  supplying  it  to  the  tender. 
Increased  area  and  better  lubrication  have  been  given  to  bearing 
surfaces;  boilers  have  increased  water-space,  stronger  seams  and 
stays ;  and  these  with  steam  or  hydraulic  riveting,  have  together 
tended  to  increased  durability  and  to  a  lessened  cost  of  repairs.  A 
Systematiscd  more  systematic  method  of  manufacture,  subdivision  of  labour,  and 
manu  ac  ur  .      ^^  ^^^  ^^  Special  machinc-tools,  have  together  reduced  cost,  and  at 
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the  same  time  improved  the  quality  of  the  workmanship.  A  good 
system  of  working  to  gauges  and  templates  ensures  similar  parts  on 
different  engines  being  exactly  alike  or  duplicates  of  one  another,  a 
great  convenience  in  repairs.  In  British-made  locomotives  a  hand- 
some appearance  is  sought  rather  by  the  just  proportioning  of  parts, 
symmetrical  outlines,  and  graceful  curves,  none  of  which  involve  extra 
cost,  than  by  unnecessary  paint  and  ornamental  brass-work,  which  are 
frequently  a  cover  for  bad  design,  workmanship,  or  material.  The 
simpler  designs  are  compatible  with  that  good  appearance  of  the 
engine  which  induces  pride  and  care  in  the  engine-driver. 

Locomotives  are  complex  and  hard- worked  machines,  and  defects, 
whether  in  materials  or  workmanship,  soon  betray  themselves  in  some 
slight  or  serious  accident,  causing  delays  on  the  road,  or  general  in- 
efficiency. The  time  and  money  expended  in  repairs  and  renewals 
from  these  defects  are,  especially  in  countries  distant  from  the  place 
of  manufacture,  very  great ;  and  it  is  obviously  important  to  ensure 
by  correct  and  simple  design,  by  the  employment  of  capable  manu- 
facturers, and  by  proper  supervision,  that  the  most  suitable  engines 
shall  be  obtained.  If  these  precautions  are  neglected,  or  a  supposed 
cheapness  allowed  to  prevail,  cause  and  effect  will  probably  be  ex- 
hibited in  some  of  the  following  ways : — If  brass  of  inferior  quality 
has  been  used,  the  bearings  become  heated  and  the  valves  wear  out ; 
tires  too  soft  become  loose,  wear  hollow,  cut  their  flanges,  and 
require  re-turning ;  tires  too  hard  are  liable  to  fracture  at  high  speeds ; 
the  link-motion,  if  not  well  hardened  and  properly  hung,  soon  wears 
loose,  rattles,  and  gives  an  extravagant  and  unequal  distribution  of 
steam  to  the  cylinders;  while  the  cylinders,  if  of  soft  or  inferior 
metal,  will  soon  become  so  worn  as  to  require  re-boring  and  re-facing. 
Such  are  a  few  examples  of  defects  in  the  wearing  parts,  and  results 
even  more  serious  occur  if  the  boiler  be  badly  made.  Bad  caulking, 
or  rivet-holes  which  are  not  properly  filled  by  the  rivets,  soon  reveal 
themselves;  imperfect  tubes  become  leaky,  or  burst  during  work, 
causing  an  annoying  stoppage ;  while  a  lire-box  made  of  inferior 
copper  cracks  and  wears  thin,  necessitating  renewal. 

In  England  the  quicker  speeds  and  the  greater  traffic  than  those 
of  foreign  railways  have  led  to  a  high  standard  of  excellence  in 
these  respects,  which  has  been  followed  in  the  engines  made  in 
Great  Britain  for  Indian,  colonial,  and  foreign  railways.  In  Europe 
also  such  engines  stand  pre-eminent,  but  in  America,  owing  to  many 
different  circumstances,  other  types  of  engines  and  methods  of  con- 
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stniction  have  prevailed ;  and  engines  made  in  the  United  States 
have  been  preferred  on  some  railways  formerly  supplied  from 
England,  partly  because  of  their  supposed  greater  suitability  to  the 
roads  and  partly  from  lower  first  cost 

A  less  cost  is  allowed  by  the  use  of  thinner  boilers  (which  restricts 
the  pressure  of  steam),  thinner  wheel-tires,  steel  fire-boxes  instead  of 
copper,  iron  tubes  instead  of  brass,  lighter  framing,  cast-iron  wheels^ 
and  the  cheapening  of  various  minor  details.  Both  in  England  and 
America  the  driving-wheels  have  steel  tires :  but  in  England  all  the 
wheels  of  the  engine  have  their  centres  or  skeletons  of  forged  iron  or 
cast  steel,  while  in  America  cast  iron  at  one-fourth  the  cost  has  been 
generally  used,  and  as  there  are  about  three  tons  of  such  wheels  in  one 
engine,  the  saving  is  very  great  The  wheels  of  the  engine  other  than 
the  driving  wheels  are,  in  America,  generally  made  of  solid  chilled 
cast  iron,  without  separate  tires ;  and  these  wheels  are  harder  than 
steel,  but  their  life  ends  when  the  chilled  part  is  worn  through ;  they 
are  not  so  trustworthy,  and,  not  having  been  turned  in  a  lathe,  are 
not  so  truly  formed.  The  use  of  steel  tires  on  wheels  is,  however, 
extending  on  American  railways.  Unless  the  amount  of  fuel  con- 
sumed, and  the  cost  and  inconvenience  of  repairs  and  renewals  over 
a  long  term  of  years  be  taken  into  account,  a  low  first  cost  is  no 
criterion  of  cheapness;  and  although  it  is  sometimes  difficult  to 
separate  expenses  arising  from  an  ill-kept  road  or  peculiar  methods  of 
working  from  those  caused  by  defect  in  the  locomotive,  it  is  necessary 
to  analyse  these  circumstances  and  allot  them  to  their  proper  causes 
before  a  fair  comparison  can  be  made. 

Differences  in  the  methods  of  manufacture  in  England  and  the 
United  States  are  caused  also  by  other  circumstances  besides  those 
referred  to  above.  In  England,  not  only  do  the  types  of  engines  differ 
to  an  extent  beyond  those  prevailing  on  most  railways  abroad,  but  each 
succeeding  engineer  gives  play  to  new  individual  predilections,  and  the 
types  of  engines  are  again  multiplied.  This  mode  of  proceeding  has 
its  advantages  and  drawbacks.  Assuming  capacity  in  the  engineer, 
no  one  can  better  appreciate  the  exigencies  of  traffic  or  the  pecu- 
liarities of  the  railw^ay  than  he  who  his  to  meet  them,  and  on  whom 
fall  all  the  trouble  of  repairs  and  the  responsibility  for  accident :  and 
as  no  two  railways  are  exactly  alike  in  all  the  conditions  of  permanent- 
way,  curves,  gradients,  rolling-stock,  and  traffic,  it  is  an  advantage  on 
each  railway  to  have  locomotives  specially  adapted  to  their  purpose. 
But  there  is  the  disadvantage  that  so  long  as  differences  are  demanded 


Part  II.]     Raihvay  EquipmenL     Locomotives.  703 


for  every  separate  railway,  no  standard  types  of  engines  can  be  arrived 
at,  nor  can  the  cheapness  in  manufacture,  which  exact  repetition 
allows,  be  obtained.  In  the  earlier  days  of  railways,  however,  there 
were  few  engineers  who  could  design  locomotives,  and  few  manu- 
facturers with  experience  to  make  them;  and  on  the  home  and 
foreign  railways  supplied  from  England,  the  types  of  the  leading 
makers  were  accepted  without  question.  And  while  in  Europe  this 
system  has  been  superseded  by  that  described  above  of  locomotive 
superintendents  choosing  or  designing  the  exact  kind  they  want, 
the  necessary  knowledge  has  not  in  the  United  States  so  widely 
spread,  and  the  designing  of  the  engines  has  been  generally  left  (as 
is  the  case  also  with  bridges  and  other  equipment)  to  the  manu- 
facturers, though  on  some  of  the  leading  American  railways  the  en- 
gineers also  design  their  own  locomotives.  But  the  majority  of  the 
engines  are  of  types  established  by  manufacturers,  who,  having  thus  a 
repetition  assured  to  them,  can  make  cheaply  in  the  same  way  that 
portable  engines  are  made  in  Great  Britain.  And  in  countries  where 
money  is  scarce  or  the  rate  of  interest  high,  cheap  construction  and 
low-priced  engines  may  be  an  essential  condition  of  railway  enter- 
prise ;  and  the  fact  that  a  well-made  road  and  an  English  engine  will, 
by  their  greater  durability,  eventually  prove  cheapest,  may  be  no 
inducement  to  their  adoption.  Each  system  has  its  advantages,  but 
there  is  no  common  basis  on  which  to  make  a  comparison  in  price 
between  British  and  American  engines,  and  in  either  country,  if  the 
design  of  the  other  be  presented,  the  price  would  be  necessarily 
dearer  than  for  engines  of  an  accustomed  kind. 

A  new  design  for  a  locomotive  involves  more  expense  than  is 
generally  known.  A  complete  set  of  entirely  new  drawings  for  a 
locomotive  will  cost  from  ;^ioo  to  jC20o,  while  the  patterns  and 
templates  w^ill  add  from  ^100  to  ^150  more,  but  existing  drawings 
can  generally  be  adapted  for  from  ^^50  to  ;^ioo.  Purchasers  of 
locomotives  sometimes  stipulate  that  a  set  of  drawings  and  templates 
be  supplied  to  them,  so  that  they  are  not  afterwards  bound  to  purchase 
new  engines  of  the  same  design  from  the  same  maker. 

Electric  Locofnotives  are  likely  to  take  an  important  place  in  the 
future.  Up  till  about  the  year  1896  they  were  used  only  for  narrow- 
gauge  railways  in  mines,  the  exceptions  being  in  a  few  cases  like  that 
of  the  City  and  Southwark  Underground  Railway  in  London.  It  was 
an  essential  condition  on  that  railway  that  the  noxious  va|x>urs  of  an 
ordinar\'  steam  loc^omotive  should  be  avoided,  and  the  success  in  that 
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case  led  to  the  adoption  of  electricity  also  on  the  Central  London 
Compared  with   and   Other   tunnel   railways  in  the  metropolis.      In  comparing  the 
tramways.       service  required  in  cases  such   as   these,  with   the   numerous   pre- 
cedents of  electric  motor-cars  on  town  tramways,  there  are — whatever 
be  the  ultimate  solution  of  the  problem — certain  main  differences. 
First,  electric  accumulators,  which  have  been  successfully  applied  on 
Accumuiatora    some   tramways,  are  quite    inadequate    for   the    heavier   service  of 

insufficient.  .,  ,  .        ^  /. 

passenger  trams  on  railways,  and  power  transmitted  from  a  stationary 
Trolly  system    engine  must  be  used.     Secondly,  electric  motors  on  the  scale  usual  on 

available.  ^  ,.    ^    r  ,  •  ,^       *  t        ,  ,, 

tram-cars  supplied  from  such  engines  by  the  overhead  trolly  or  the 
Of  hiffher  power  conduit  system,  must  be  considerably  increased  for  trains  weighing  150 
tramways.       or  200  tons.     Thirdly,  there  is  a  compensating  advantage  in  the  haul- 
age of  railway  trains,  that  many  of  the  restrictions  deemed  necessary- 
Free  from       for  the  public  safety  on  surface  street  lines  in  cities  would  not  be  en- 

restnctions.  '^  ' 

forced  in  tunnel  railways,  and  therefore  engineers  might  conveniently 
utilise  electric  currents  of  higher  voltage  than  have  been  permitted 
See  page  171.  On  lincs  undcr  municipal  rules.  If  electric  power  prove  successful 
on  tunnel  lines,  it  is  likely  to  follow  on  ordinary  railroads,  experi- 
mental engines  for  such  lines  being  already  in  use  in  1898.  The 
advantages  and  drawbacks  of  electricity  have  a  different  relation  in 
'Water-power  as  countries  where  fuel  is  expensive  and  water-power  abundant,  as  mav 

in  Switzerland.  ,       n.    •         i         •         •!  rw  111 

seepaff:6Q^      be  sccn  On  the  Swiss  electric  railways  at  Zermatt  and  elsewhere. 

Choice  of  engine.        The  Kind  of  Engine  best  suited  for  any  particular  railway  depends 
.s«rA»^'69x^709.  pj^iij^jy-ily  qh  the  Toad,  the  gradients,  and  the  nature  of  the  traffic; 

but  these  important  considerations  are  mixed  up  with  others  w^hich 

vary  almost  in   every  case.      On   a    large   or  busy  railway,  where 

Variety  of  kind,  numerous  locomotivcs  are  required,  different  kinds  may  be  selected 

w  ere  use  u  .     ^^^  ^^^^  branch  of  service.     I'hus,  there  may  be  "  single  "  engines 

(one  pair  of  driving-wheels)  for  light,  quickly-running  passenger  trains, 
four-wheeled-coupled  engines  for  heavy  passenger  trains  and  fast 
goods  trains,  six-wheel-coupled  engines  for  heavy  goods  trains,  and 
tank-engines  for  local  traffic  and  station  or  shunting  work ;  while  if 
on  one  section  of  the  line  there  are  steep  gradients,  specially  con- 
structed engines  may  be  provided  for  this  district  alone.  But  on 
small  railways,  where  but  few  engines  are  required,  it  is  advisable  to 
Uniform  type  have  them  of  a  uniform  type,  capable  of  taking  any  of  the  trains  over 
^railway™."  every  part  of  the  line.  If  this  principle  be  adopted,  the  most  difficult 
service  on  the  railway  will  have  to  determine  what  type  of  engine 
shall  be  selected. 
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But  even  where  various  types  of  engines  may  be  required  on  the 
same  railway,  it  may  still  be  possible  and  advantageous  to  so  arrange 
the  designs  of  the  engines  as  to  have  their  important  parts  alike  and 
interchangeable.  Thus,  the  boilers,  cylinders,  valve-motion,  springs, 
and  axle-boxes  may  be  identical,  and  the  differences  in  power  which 
are  required  may  be  obtained  by  varying  the  diameter  of  the  wheels 
and  the  method  of  coupling  them,  and  by  alterations  in  the  framing 
thus  rendered  necessary.  But  it  is  very. difficult  to  ensure  such 
uniformity  of  parts  if  engines  are  bought  from  different  manu- 
facturers. 

To  secure  a  good  engine  at  a  reasonable  price  the  specification, 
while  stringent  on  all  essential  points,  should  avoid  arbitrary  con- 
ditions on  minor  points,  which  cause  extra  trouble  and  expense 
to  the  manufacturer  without  any  corresponding  advantage  to  the  pur^ 
chaser.  But  whether  furnished  by  the  buyer  or  seller,  the  specifica- 
tion should  describe  the  important  parts  of  the  engine,  for  without 
such  a  description  it  is  impossible  to  measure  or  compare  prices. 
The  gauge,  the  type  of  engine,  inside  or  outside  cylinders,  and 
the  number  of  coupled  wheels  having  been  recited,  the  following 
points  are  usually  enumerated : — The  size  of  boiler,  thickness  and 
quality  of  plates,  and  mode  of  riveting ;  the  heating  surface  in  the 
fire-box,  the  material  (copper,  iron,  or  steel)  of  which  it  is  made, 
and  a  description  of  the  staying;  the  number,  size,  and  kind  of 
tubes ;  the  diameter  of  the  wheels  and  axles,  and  the  material  of 
which  they  and  the  wheel-tires  are  made ;  the  kind  of  axle-boxes 
and  their  fittings  ;  the  size  of  the  cylinders  and  the  kind  of  pistons ; 
the  capacity  of  the  water-tank  and  fuel  space ;  the  brake  arrange- 
ments ;  and  the  kind,  dimensions,  and  position  in  regard  to  the  rails, 
of  the  buffer  and  draw-gear.  It  is  customary  to  include  in  the  price 
of  the  engine  the  various  minor  parts  necessary  to  its  working ;  but 
as  different  makers  do  not  supply  the  same  kind  and  number  of 
accessories,  they  should  be  enumerated  when  the  price  is  arranged. 
It  is  also  usual  to  specify  the  methods  of  testing,  painting,  and 
I)acking,  and  to  state  the  weight 

When  engines  are  bought  for  export  to  a  country  where  skilled 
workmen  are  rare  and  repairs  expensive,  special  precautions  to 
render  the  engines  durable  and  easy  of  repair  can  be  taken  that 
would  not  be  expedient  or  economical  for  a  railway  where  re])airs  arc 
easy,  and  where  sjjare  engines  are  always  available  to  take  the  place 
of  those  temporarily  withdrawn  from  service.     Thus  the  water-space 
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of  the  boiler  may  be  made  larger ;  and  the  bearing  surfaces  ample, 
with  means  of  taking  up  the  wear,  even  if  these  provisions  entail  the 
disadvantage  of  extra  weight  and  increased  first  cost.  The  effective 
case-hardening  of  moving  joints  (a  process  often  omitted  or  imper- 
fectly performed)  should  be  ensured ;  parts  especially  liable  to  wear 
and  fracture  should  be  provided  in  duplicate  to  an  extent  far  beyond 
what  would  be  proper  in  the  country  of  manufacture ;  and  the  extra 
outlay  so  incurred  considered  as  a  prudent  security  against  greater 
expense  afterwards.  Fire-bars,  tubes,  gauge-glasses,  piston-rings, 
brasses  for  the  connecting-rods  and  coupling-rods,  and  for  the  axle- 
boxes,  are  among  the  most  important  of  the  spare  parts  required. 
The  list  of  such  extra  parts  needs  very  careful  consideration,  and 
the  value  of  the  articles  enumerated  should  be  duly  weighed  in 
comparing  the  offers  of  different  manufacturers. 

The  current  prices  of  locomotives  fluctuate  considerably,  not  only 
with  the  cost  of  labour  and  materials,  but  according  to  the  demand. 
There  are  (1898)  in  Great  Britain  about  a  dozen  manufacturers  of 
locomotives  who  confine  themselves  almost  entirely  to  this  one 
branch  of  engineering,  and  in  addition  to  these  the  principal  railway 
companies  make  new  locomotives,  although  few  make  all  that  they 
require.  Many  of  the  railway  workshops,  established  principally  for 
repairs,  have  outgrown  their  purpose,  and  the  gigantic  factories  which 
have  been  erected  for  making  engines  and  rolling-stock  are  of  doubt- 
ful profit  to  the  shareholders  who  own  them.  Having,  however, 
been  established,  they  are  employed,  much  to  the  disadvantage  of  the 
private  manufacturers,  who  could  probably,  with  profit  to  themselves, 
supply  engines  cheaper  if  prices  and  costs  were  analysed.  But  while 
it  is  seldom  that  engines  are  made  so  cheaply  in  railway  workshof)s 
as  in  private  factories,  the  great  advantage  may  be  more  readily 
obtained  of  having  exact  similarity  and  interchangeability  of  parts. 
During  the  ten  years  ending  1898,  if  extreme  high  or  low  fluctuations 
be  excepted,  the  following  were  average  prices ; — A  passenger  or 
goods-engine  and  tender  of  the  best  modem  kind,  with  cylinders 
18  in.  diameter,  26  in.  stroke,  equipped  as  usual  on  the  principal 
British  railways,  has  ranged  in  price  from  ^^2200  to  J[^2%oo^  and  as 
the  total  weight  of  such  an  engine  and  tender  (when  empty)  would  be 
from  55  to  65  tons,  it  will  be  seen  that  the  prices  are  equivalent  to 
from  ;^45  to  ^55  per  ton.  But  although  it  may  be  convenient 
sometimes  to  compare  values  in  this  way,  any  such  estimate  needs 
qualification,  and  can  only  be  approximate,  for  the  cost  of  a  tender 
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per  ton  is  only  about  half  that  of  an  engine,  and  the  proportion 
which  the  weight  of  the  tender  bears  to  that  of  the  engine  varies 
according  to  the  kind  of  both.  The  above  prices  would  embrace 
the  average  price  of  the  best  and  most  powerful  kind  made  for 
European,  Indian,  and  colonial  railways.  Powerful  tank-engines, 
as  used  in  England,  sell  for  from  j[^\ 900  to  ^2400,  or,  at  a  weight 
of  35  to  45  tons  empty,  equivalent  to  ^45  to  ^60  per  ton.  The 
extra  cost  of  fitting  a  continuous  brake  to  an  engine  ranges  from 
;^8o  to  ;^i2o  for  a  tank-engine  to  from  ;£^i20  to  £,i^o  for  an 
engine  and  tender.  A  steam-brake  can  be  similarly  applied  for 
from  JT^t^o  to  ^^70  less  than  these  prices.  In  either  case,  the  ordi- 
nary hand-brake  can  be  worked  independently  of  the  continuous 
brake. 

The  locomotives  used  by  contractors  in  the  construction  of  public 
works  are  almost  invariably  made  as  tank-engines,  and  as  there  are 
manufacturers  who  make  a  specialty  of  this  class  of  engine,  it  is 
expedient  to  take  advantage  of  the  skill  and  experience  by  which  the 
proportioning  of  the  parts,  the  division  of  the  weights  on  the  wheels, 
and  the  balancing  of  the  tank  have  been  adapted  to  the  purpose 
in  view.  A  contractor's  engine  (for  a  4  ft.  8^  in.-gauge  railway) 
with  outside  cylinders  10  in.  diameter,  and  with  4  wheels  coupled, 
would  cost  about  ;£^90o,  would  weigh  about  11  tons  empty  and 
about  14  tons  when  equipped  with  coal  and  water.  All  the  weight 
is  effective  for  adhesion,  but  as  the  temporary  roads  used  by  con- 
tractors are  uneven,  and  the  wagons  not  usually  in  such  good 
condition  or  so  easy  of  haulage  as  ordinary  rolling-stock,  such 
engines  when  so  employed  can  only  be  safely  reckoned  on  for 
hauling  85  tons  on  a  gradient  of  i  in  100,  or  45  on  a  gradient  of 
I  in  50.  An  engine  with  inside  cylinders  12  in.  diameter,  and  with 
6  wheels  coupled,  would  cost  about  ^^1200,  and  weigh  about  14  tons 
when  empty  and  about  17  tons  when  loaded.  Such  an  engine  would 
draw  a  load  of  about  140  tons  of  contractors'  wagons  on  a  gradient 
of  I  in  100,  or  85  tons  on  a  gradient  i  in  50.  Heavier  loads  can, 
however,  be  hauled  when  the  engines  and  wagons  are  kept  in  good 
order  and  the  track  is  tolerably  even.  The  tender-engines  made  in 
England  for  narrow-gauge  railways  (m^tre,  and  3  feet  6  in.-gauge)  with 
cylinders  of  from  10  to  14  in.  diameter,  and  weighing  from  15  to  30 
tons,  have  sold  for  £^\  100  to  ^1600  per  engine  and  tender.  Similar 
engines  with  side  or  saddle  tank,  and  weighing  from  11  to  20  tons, 
cost  from  ^^900  to  ^1400.     Small  locomotives,  for  railways  of  less 
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than  a  ra^tre  gauge,  cost  from  ^£'400  for  the  little  a-ft.  gauge,  5-in. 
cylinder  engine  weighing  2^  tons ;  ;^6oo  for  a  3-ft.  gauge,  7-in. 
cylinder  engine  weighing  7  tons,  to  ;£'i30o  for  the  3-ft.  or  m^tre 
gauge  engine  weighing  15  tons.  All  the  foregoing  prices  are  exclu- 
sive of  packing  for  export  and  of  the  cost  of  duplicate  parts.  Pack- 
Co«t  of  packing,    ing  adds  about  2  per  cent,  to  the  price,  and  duplicate  parts  add  from 

j»>«r>«^447.        5  to  15  per  cent.,  according  to  the  quantity  supplied,  which,  as  has 

been  said,  should  be  determined  mainly  by  the  remoteness  of  the 
country  and  the  difficulty  there  of  renewing  worn  parts.  A  manu- 
facturer requires  from  four  to  five  months  to  make  a  locomotive  from 
a  new  design,  but  those  made  of  an  established  type  can  be  made  in 
from  two  to  four  months,  according  to  size. 

An  engine,  having  been  completed  at  the  manufactory  and  made 
Testing  of  cnffincB.  ready  for  the  road,  is  tested  under  steam.     The  wheels  having  been 

raised  from  the  ground,  the  engine  is  set  to  work,  so  that  the  tight- 
ness of  the  boiler,  the  efficient  working  of  the  injector  and  pipes,  the 
smooth  working  of  the  motion,  and  the  action  of  similar  important 
parts,  can  be  tried  and  defects  observed.    After  having  been  examined 

stripped  for       and  approved,  the  engine,  if  for  export,  is  taken  to  pieces  and  all 

the  fittings  removed.     The  smaller  parts  of  the  engine  are  packed 

in  cases,  of  which  from  10  to  20  are  required,  according  to  the  size 

Wcififht  of  engines  of  the  engine  and  the  weight  in  each  case.     The  cases  weigh  from 

10  to  20  cwt.  each,  but  it  is  generally  considered  inexpedient  to  have 
more  than  10  cwt.  in  any  one  case.  Each  axle  with  its  pair  of 
wheels  upon  it  is  shipped  as  one  piece.  The  engine  is  thus  stripped 
until  nothing  but  boiler,  cylinders,  and  frame  remain  together.  This 
one  piece  or  "  body  "  generally  forms  about  half  the  total  weight  of 
the  engine  when  empty.  If,  however,  this  weight  is  difficult  to  deal 
with,  either  in  transport  or  at  the  place  of  arrival,  it  can  be  reduced 

Separation  of      by  removing  the  boiler  from  the  frame ;  but  this  involves,  of  course, 

more  labour  in  putting  the  engine  together  again  than  would  other- 
wise be  required.  The  finished  surfaces  and  other  vulnerable  parts 
are  protected,  and  baulks  of  wood  on  which  the  weight  can  rest  are 
attached  to  the  frame,  generally  by  fixing  them  in  the  places  of  the 
ppT^^jh — I      axle-boxes.     The  "  body  "  is  lifted  by  chains  passed  under  the  boiler 

■k     -iT    ^'   ^^   ^^   places  (previously  ascertained   by  experiment  and   marked) 

195.  where   the   weight   will    be   evenly   suspended.     The   same   careful 

adjustment  of  the  lifting-chains  is  again  necessary  when  the  weight  is 

alongside.         lowered  into  the  hold  of  a  vessel  and  when  landed  at  the  port  of 

See  page  i^^^.        arrival.     Makers  generally  contract  to  deliver  alongside  the  export 
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vessel,  and  do  not  undertake  the  duty  of  placing  on  board.  It  is 
usual  to  paint  the  engine  plainly,  leaving  decorative  painting  and 
varnishing  to  be  done  after  the  engine  is  re-erected. 

On  large  modern  steamers  the  hatchways  are  generally '  large 
enough  to  receive  locomotives ;  but  in  some  places  very  great  trouble 
is  caused,  especially  in  unloading  from  the  vessel,  as  at  many  foreign 
ports  there  are  not  the  facilities  which  the  powerful  cranes  in 
British  ports  afford.  The  space  around  the  engine  is  generally 
packed  with  other  goods,  sometimes  even  with  coal,  if  the  parts 
liable  to  damage  are  protected  against  surface  damage.  On  short 
voyages,  in  favourable  seasons,  locomotives  are  sometimes  carried  on 
deck ;  but  in  such  cases  a  higher  rate  of  insurance  has  to  be  paid. 
The  cost  of  freight  has  always  to  be  specially  arranged,  as  the  rates 
for  ordinary  machinery  are  never  sufficient  for  the  extra  trouble  and 
risk  which  are  involved. 

To  enable  an  engineer  to  design  or  select  a  locomotive  suited  to 
the  purpose  in  view,  he  should  be  informed  on  the  following  points, 
an  acquaintance  with  all  of  which  are  necessary  to  a  proper 
choice  : — 

1.  The  Gauge  of  the  railway  ;  the  section  and  weight  of  the  rails  ; 
the  kind  of  permanent-way,  the  distance  apart  of  the  sleepers  and 
the  condition,  good  or  otherwise,  in  which  it  is  kept.  In  addition  to, 
or  instead  of,  information  concerning  the  condition  of  the  permanent- 
way,  a  direction  as  to  the  maximum  weight  permitted  on  any  one 
pair  of  wheels  may  be  given. 

2.  The  strength  of  the  under  Bridges^  not  only  in  regard  to  the 
total  load  they  will  sustain  within  proper  limits  of  safety,  but  also 
the  fitness  of  the  cross  girders  or  other  rail  supports  for  sus- 
taining a  concentrated  load  on  any  point;  the  height  and  width 
of  over-bridges  and  tunnels  so  far  as  these  dimensions  affect  the 
height  and  width. or  "  loading-gauge"  of  the  engines  passing  under; 
the  shape  of  Couplings,  with  their  height  from  the  rail  level,  and 
the  height  and  width  of  Buffers  in  the  existing  engines  and  rolling- 
stock,  to  which  conformity  is  necessary ;  the  length  of  the  turn- 
tables on  the  railway,  and  the  standing  Space  available  in  the 
running-sheds. 

3.  The  Length  0/  the  railway,  the  radius  of  the  sharpest  curve,  and 
the  inclination,  length,  and  position  of  the  steej^est  Gradients,  The 
position  of  the  gradients  is  important  for  various  reasons.  An  ascent 
may  be  rendered  less  formidable  by  a  descent  immediately  preceding 
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it ;  an  ascent  at  or  close  to  a  station  renders  starting  difficult ;  while 
a  combination  of  the  steepest  gradient  and  sharpest  curve  also 
increases  the  power  needed  in  the  locomotive.  A  complete  section 
of  a  railway  showing  the  stations  best  supplies  this  information. 
The  altitude  of  the  railway  above  the  sea  (if  it  is  high)  should  also 
be  stated. 

4.  The  nature  of  the  TraffiCy  and  the  maximum  gross  Load,  exclu- 
sive of  the  engine,  to  be  taken  up  the  steepest  incline.  The  average 
Speed  of  the  trains. 

If  continuous  Brakes  are  in  use,  or  are  required  on  the  engine, 
their  kind,  and  a  diagram  showing  the  exact  position  and  length  of 
the  couplings  on  existing  rolling-stock,  stating  whether  the  couplings 
are  placed  right  or  left  of  the  centre  when  facing  the  engine.  If 
the  engine  is  for  hauling  goods  trains,  whether  a  steam-brake  is 
required. 

6.  The  kind  of  Fuel  and  Water  available ;  the  distance  apart  of 
the  stations  at  which  supplies  can  be  obtained ;  and  the  distance  which 
the  engines  will  have  to  run  without  stopping. 

7.  The  nature  of  the  Climate^  so  far  as  it  may  cause  rails  to  be 
slippery,  or  the  occurrence  of  heavy  snow-falls,-  or  inclement  or  very 
hot  weather,  rendering  special  protection  for  the  driver  necessar}\ 
Much  dust  requires  special  coverings  for  bearings ;  while  a  tropical 
climate  renders  a  cool  and  well-ventilated  cab  essential.  Intense  cold 
renders  necessary  special  arrangements  for  oiling,  and  for  draining 
the  injectors  and  all  pipes  and  cocks  perfectly  free  of  water ;  heavy 
snowfalls  require  snow-shields  on  the  engine,  and  snow-ploughs  or 
shovels.  The  rotary  steam  snow-shovels  used  in  Canada  and  the 
United  States  are  most  effective,  as  they  completely  clear  the  track 
instead  of  merely  ploughing  a  furrow. 

8.  The  nature  of  the  crops,  herbage,  or  trees  by  the  railway,  and 
the  condition  of  the  fences,  so  far  as  these  circumstances  may 
determine  the  need  for  spark-arresters  and  "  cow-catchers." 

9.  The  facilities  for  Repairs  both  in  regard  to  workmen  and 
workshops.  The  kind  of  engines  already  in  use,  the  name  of  the 
maker,  and  the  reasons,  if  any,  for  or  against  imitating  them  all  or 
in  part.  Special  defects  or  contingencies  arising  from  local  circum- 
stances. 

10.  Such  particulars  as  to  destination  and  the  means  of  Transport 
as  may  determine  the  method  of  subdivision  and  packing,  as  well  as 
the  probable  cost  of  sea  freight. 
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RoUing'Stock  is  the  general  term  by  which  locomotives,  carriages, 
and  wagons  of  whatever  kind  are  classed,  in  distinction  to  the  fixed 
equipment  of  the  line ;  and  locomotives  have  been  described  in  the 
preceding  pages.  But  just  as  the  strength  and  dimensions  of  the 
permanent-way  are  to  a  large  extent  determined  by  the  kind  of 
locomotive  which  is  to  run  upon  it,  so  has  the  locomotive  to  be  made 
suitable  for  the  haulage  of  the  trains;  and  therefore  the  kind  of 
carriages  and  wagons  which  the  traffic  is  likely  to  demand  is  a  point 
to  be  considered  at  an  early  stage  in  the  inception  of  a  railway 
project.  Of  course,  if  the  railway  has  already  been  made,  or  if  there 
be  not  free  scope  for  choice  because  of  difficulties  in  the  construction 
of  the  road,  the  process  must  to  some  extent  be  reversed,  and  these 
exigencies  be  held  in  view  in  designing  the  rolling-stock. 

If  a  railway  be  projected  merely  as  a  branch  or  extension  of  an 
existing  line,  or  even  if  an  entirely  new  railway  be  constructed  in  a 
district  so  supplied  with  railways  that  the  new  line  will  contribute 
only  a  small  proportion  to  the  general  interchange  of  traffic,  then  the 
preference  should  be  given  to  rolling  stock  similar  to  that  already  in 
use,  unless  there  be  very  important  reasons  for  alteration.  Every 
railway  has  its  standard  "  loading-gauge,"  indicating  the  dimensions 
which  will  allow  safe  passage  through  existing  bridges,  or  past  station 
platforms  and  cranes.  The  diagram  shows  such  a  loading-gauge  of  a 
kind  customary  on  British  railways,  to  represent  the  outline  of  maxi- 
mum load  and  the  outline  of  minimum  structure  for  a  single  line, 
the  dotted  line  a  b  showing  the  centre  of  the  "  six-foot,"  if  there  is 
a  double  line.  It  is  obvious,  therefore,  that  there  are  certain  leading 
dimensions  in  rolling-stock  which,  when  once  established,  become  per- 
petuated, and  can  only  be  altered  with  great  inconvenience.  There 
must  also  be  exact  uniformity  in  the  width  between  buffers,  and  in 
the  height  of  the  buffers  and  draw-hooks  from  the  rails.  And  while 
conformity  in  these  respects  is  absolutely  essential,  there  are  ot*her  de- 
tails where  uniformity  is  a  great  convenience ;  so  that  if,  for  instance, 
a  spring,  draw-bar,  buffer,  axle-box,  wheel,  or  axle  be  damaged  when 
the  vehicle  is  on  a  neighbouring  line,  or  far  from  its  proper  repair- 
ing-shop,  a  new  part  can  be  readily  supplied  and  adjusted  on  the 
spot  without  delay.  Subject  to  these  considerations,  it  will  generally 
be  found  expedient,  for  the  saving  of  trouble  and  expense,  to  utilise 
existing  patterns  of  those  parts  or  fittings  which  are  staple  articles  of 
manufacture.  It  is  only  in  the  case  of  railways  in  a  new  district  or 
country  that  new  designs  and  standard  patterns  for  all  the  fittings  and 


Rolling-stock. 


Set  pages  64  6'  69X. 


Carriages  must 

accord  with 
existing  stock. 


X96. 
Loading -gauge . 


Established  sizes. 


Uniformity  of 
parts. 


Standard  patterns. 


712 


Mathesons  Aid  Book.         [Chap.  XXIV. 


Mixed  trains. 


Designing  of 
rolling-stock. 


Uniformity. 


Capacity. 


Running  gear. 


Couplings  and 
brakes. 


Materials. 


equipment  can  be  established  with  advantage.  In  such  cases  exist- 
ing designs  should  be  adopted  only  when  the  circumstances  are  suffi- 
ciently similar,  and  the  results  have  been  proved  by  experience  to  be 
satisfactory. 

In  thinly  populated  countries  it  is  seldom  advisable  to  run  trains 
exclusively  either  for  passenger  or  goods  traffic.  "  Mixed  trains," 
composed  partly  of  passenger  carriages  and  partly  of  goods  wagons, 
are  therefore  used,  and  where  this  is.  likely  to  occur  the  running  gear 
of  all  vehicles,  whether  for  goods  or  passengers,  should  be  identical, 
and  if  continuous  brakes  are  used,  all  the  goods  wagons  should  be 
fitted  at  least  with  pipes  and  couplings,  so  that  continuous  brakes 
may  be  used  on  the  passenger  vehicles,  when  as  is  usually  the  case, 
the  goods  wagons  are  placed  nearest  the  engine. 

In  the  designing  of  rolling-stock,  the  principal  points  to  be  borne 
in  mind  are  those  which  promote  the  safe  and  cheap  working  of  the 
traffic ;  and  cheapness  in  the  purchase  price  should  be  sought  only 
when  these  more  important  conditions  are  ensured.  The  apparent 
saving  by  low  prices  may  be  soon  out-weighed  by  the  delays,  repairs, 
and  damages  to  goods  caused  by  unsuitable  or  badly  constructed 
rolling-stock.     The  points  of  principal  importance  are  as  follows : — 

1.  The  vehicles  should  conform  to  the  Loading-gauge  and  station 
platforms,  and,  within  the  limits  thus  allowed,  should  be  of  suitable 
form  and  dimensions  for  the  passengers  or  merchandise  to  be  carried, 
and  should  require  the  minimum  of  labour  in  marshalling,  loading, 
and  unloading. 

2.  The  vehicles  should  carry  the  Mascimum  loady  and  stand  the 
shocks  and  strains  of  running  and  shunting  without  undue  wear  or 
distortion,  and  at  a  minimum  cost  for  repairs. 

3.  The  Running  gear  should  be  so  arranged  that  curves  can  be 
traversed  easily  and  the  weight  be  moderate  and  equally  distributed 
between  the  wheels.  The  vehicles  should  run  smoothly  and  without 
hot  journals  at  the  usual  maximum  speeds.  The  cost  of  haulage, 
as  well  as  of  repairs  to  permanent-way  and  running  gear,  can  be 
materially  reduced  by  attention  to  these  points. 

4.  The  Couplings  and  brakes  should  be  easily  worked  and  be 
efficient  under  the  most  tr}'ing  circumstances,  so  as  to  prevent 
accidents,  especially  in  shunting  and  on  heavy  gradients. 

5.  The  Materials  used  should  be  durable,  and  suitable  for  the 
climate  and  traffic,  with  a  minimum  outlay  for  painting  and  renewal. 

6.  The  correspoadiiig  jxirts  of  the  vchicks  should  be,  as  far  as 
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possible,  Interchangeable^  and  all  parts  should  be  easily  accessible  for 
examination^  repair,  and  renewal. 

7.  Passenger-cars  and  Carriages  should  allow  of  passengers 
entering  and  leaving  with  ease  and  safety ;  and  the  comfort  of  the 
seats,  the  ventilation,  the  method  of  lighting,  and  protection  from 
extreme  heat  and  cold,  as  well  as  from  noise  and  vibration,  should 
be  carefully  studied. 

8.  The  Wagons  should  be  specially  designed  to  protect  the  goods 
from  the  weather,  from  theft,  and  from  loss  and  damage  by  concus- 
sion, abrasion,  or  leakage.  The  wagons  should  also  be  suitable  for 
carrying  a  great  variety  of  freight,  and  strong  enough  to  stand  the 
impact  of  rough  freight  during  the  shocks  in  shunting. 

The  above  somewhat  conflicting  conditions  have  to  be  considered 
together,  and^  according  to  the  circumstances  of  each  particular  case, 
certain  points  must  be  subordinated  to  others  of  more  importance. 

It  is  only,  however,  by  giving  full  weight  to  the  various  exigencies 
of  the  case,  and  by  full  accord  between  the  traffic  manager,  locomo- 
tive engineer  and  permanent-way  engineer,  that  the  most  suitable 
designs  can  be  arrived  at 
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In  the  designing  of  Carriages  for  the  conveyance  of  passengers.  Passenger 
before  entering  on  such  details  as  depend  on  climate,  or  the  kind  of 
permanent-way  and  similar  engineering  considerations,  it  is  necessary 
to  decide  the  earlier  question  as  to  what  type  of  vehicle  will  best  suit  Suiubie  types, 
the  habits  of  the  people,  and  in  regard  to  this»  social  and  even 
political  considerations  will  be  found  to  have  weight.  On  many  of 
the  Continental  railways,  military  exigencies  are  allowed  to  prevail, 
both  in  regard  to  the  course  of  the  railways  and  the  dimensions  of 
the  rolling-stock,  and  the  convenience  of  ordinary  travellers  is  studied 
only  after  these  conditions  have  been  satisfied. 

In  some  countries,  such  as  in  Cape  Colony,  the  majority  of  pas- 
sengers travel  first  class,  the  cheaper  carriages  being  little  used  except 
by  the  natives.  In  India,  on  the  other  hand,  nearly  all  the  passen- 
jgers  travel  at  the  cheapest  rate.  In  the  United  States,  democratic 
institutions  abolished  all  distinctions  of  classes,  but  of  late  years 
the  subsequent  extensive  use  of  sleeping,  drawing-room,  and  hotel 
cars  at  extra  fares,  has  added  a  specially  luxurious  class.  Even  for 
those  who  cannot  aiford  to  pay  the  extra  charges  it  is  necessary, 
because  of  the  long  distances,  to  provide  sleeping  accommodation, 
and  emigrant   trains   arc   furnished   with   berths  as  on  board  ship. 


Classes  of 
passengers. 


Sleeping  cara. 
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In  Great  Britain,  for  a  long  time  after  railways  were  established,  no 
attempt  at  comfort  was  made  for  any  but  first-class  passengers,  and 
both  in  regard  to  the  times  of  departure  and  speed  of  trains,  as  well 
as  to  the  construction  of  the  carriages,  actual  discomfort  and  incon- 
venience were  inflicted  on  all  who  travelled  in  any  other  than  first- 
class  carriages.  This  old  and  foolish  policy  has  been  completely 
Modern  syBtems  reversed,  third-class  passengers  being  almost  universally  carried  at 

in  Great  Britain.         ,.  r  .  i-,,  iiii>i 

ordinary  fares  m  comfortable  carnages,  and  by  all  trams,  however 
Cheap  traffic  fast.  This  has  resulted  in  a  large  increase  in  the  number  of  the  most 
encouraare  .  remunerative  passengers,  the  third  class,  while  the  decrease  in  the 
second  class  will  probably  lead  to  the  abolition  of  that  class,  leaving 
only  the  first  and  third,  an  arrangement  which  considerably  simplifies 
the  working  of  the  traffic,  and  reduces  the  dead  weight  of  trains. 
It  may  be  stated  as  an  axiom  that  the  fewer  the  kinds  of  carriages, 
the  better  for  the  cheap  and  profitable  working  of  the  railway ;  and 
while  some  variety  of  kind  or  class  of  carriage  is  necessary  to  meet 
the  reasonable  wants  of  the  public,  the  variety  caused  by  individual 
predilections,  or  exceptional  demands,  are  expensive  and  unnecessary. 
Where  very  long  journeys  have  to  be  undertaken,  or  where  there 

Three  classes  of  are  different  races  of  people — as  colonists  and  natives,  or,  as  in  India, 
carrfages.        where  the  caste  customs  of  the  natives  have  also  to  be  considered 
— a  great  variety  in  the  kinds  or  classes  of  carriages  is  often  absolutely 
necessary. 

Carriages  giving  a  longitudinal  passage  throughout  the  train  are 

American  type    usual  in  America,  and  have  been  adopted  with  more  or  less  modifica- 
tions on  numerous  railways  in  Europe  and  elsewhere,  but  do  not  find 
general  favour  in  Great  Britain,  although  they  are  followed  in  some  of 
Advantages,      the  British  colonies.     The  freedom  of  movement  for  the  passengers, 

See  aUo  page  tx,     the  facility  afforded  for  lavatories,  stoves,  refreshments,  and  other 

conveniences,  and  the  passage  from  one  carriage  to  another  while 
travelling,  alleviate  the  tedium  of  long  journeys.  Such  carriages  also 
allow  the  issue  or  collection  of  tickets  during  the  journey,  and  in 
sparsely-peopled  countries,  or  where  it  is  desirable  to  save  the  cost  of 
buildings,  much  of  the  work  usually  done  at  roadside  stations  may  be . 
performed  by  the  conductor,  who  perambulates  the  carriages  during 
the  journey.  On  the  other  hand,  the  want  of  privacy — often  of 
importance  to  ladies,  children,  and  invalids — has  retarded  their  popu- 

Convenience  of  larity  in  Europe.  There  is  the  disadvantage  also  that  the  construc- 
tion of  the  carriages  allows  doorways  only  at  the  extreme  ends,  and 
if  there  be  many  passengers,  or  if  there  be  frequent  stoppages  or 
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much  changing  of  trains,  the  time  occupied  in  the  entrance  and  exit 
of  passengers  is  inconveniently  long,  an  objection,  especially  in  city 
or  suburban  traffic.  The  trains  specially  built  for  the  passengers  from 
Chicago  to  the  Columbia  Exhibition  were  for  the  latter  reason  con- 
structed of  the  English  type.  Moreover,  in  case  of  accident  to  the 
train,  passengers  have  not  the  same  opportunities  for  escape  as  in  an 
English  carriage,  and  owing  to  the  absence  of  partitions,  the  cars  are 
more  liable  to  be  "  telescoped  "  in  collisions.  But  on  the  other  hand, 
the  absence  of  side-doors  allows  a  greater  width  in  the  body  of  the 
car,  and  as  also  the  over-bridges  and  tunnels  (less  numerous  in  propor- 
tion to  the  mileage  than  in  Great  Britain)  have  a  larger  contour,  the 
loading  gauge  is  larger  on  American  railways  than  in  Europe  for  the 
same  gauge  of  railway.  The  American  style  of  car  is  best  suited  for 
long-distance  journeys  occupying  more  than  five  hours,  while  the 
British  fashion  of  separate  compartments  is,  under  most  circumstances, 
greatly  superior  for  short  journeys  or  suburban  traffic.  Cars  on  the 
American  plan,  with  a  longitudinal  central  passage,  doors  at  the  ends 
only,  outside  platforms,  and  carried  on  two  bogies  of  four  or  six 
wheels  each,  are  considerably  heavier,  longer,  and  more  costly  for 
the  number  of  passengers  carried  than  the  usual  style  of  European 
railway  carriage.  The  latter  is  divided  into  compartments  with  side- 
doors,  and  up  till  about  1890  was  almost  always  carried  on  four  or 
six  wheels  connected  directly  to  the  main  frame  ;  but  carriages  with 
the  English  system  of  separate  compartments  have  since  been  made 
on  the  leading  railways  with  swivelling  bogie-trucks  for  easy  motion 
in  passing  round  curves.  An  ordinary  American  passenger-car  seats 
about  52  passengers,  is  about  47  ft.  long  over  the  body,  and  53  ft. 
over  all,  and  weighs  from  19  to  24  tons  empty.  An  ordinary 
English  main-line  third-class  seats  50  passengers,  measures  about 
31  ft.  over  the  body,  and  about  34  ft.  6  in.  over  all,  and  weighs  from 
10  to  12  tons  empty.  An  American  parlour  or  drawing-room  car 
with  revolving  seats,  and  carried  on  two  six-wheeled  bogies,  weighs 
from  27  to  32  tons,  and  contains  seats  for  from  24  to  37  passengers. 
The  length  over  all  varies  from  60  to  70  ft.  Sleeping-cars  capable 
of  accommodating  from  20  to  27  passengers  are  of  very  similar 
size  and  weight.  An  English  first-class  main-line  carriage  seats 
24  passengers,  measures  about  34  ft.  over  all,  and  weighs  from  11 
to  14  tons.  An  American  train,  accommodating  300  passengers 
at  the  lower,  and  100  pa.ssengers  at  the  higher  rate  of  fare,  with  pro- 
vision for  their  luggage,  weighs  about  240  tons  empty,  and  measures 
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620  ft  in  length.  An  English  train  of  corresponding  capacity  weighs 
about  150  tons  if  rigid  wheel-base  stock  is  used,  and  about  170  tons 
with  bogie  stock.  In  either  case  the  English  train  would,  without 
engine,  be  about  440  ft.  long.  The  wheels,  axles,  axle-boxes,  springs, 
and  under-frames  in  the  English  stock  would  be  larger  and  stronger 
than  in  the  American,  thus  giving  greater  safety  and  durabiUty,  while 
the  greater  convenience  of  lavatories  and  central  passage  in  the 
American  stock  would  be  offset  by  the  more  comfortable  upholstery 
of  the  English  stock,  and  the  more  convenient  stowage  for  parcels 
Number  of  and  liand-bags.  The  American  train  would  be  carried  on  50  axles, 
and  the  English  train  of  bogie  carriages  on  36  axles,  making  an 
important  difference  in  the  number  of  parts  in  the  running-gear. 

In  regard  to  the  running  of  the  carriages  on  the  road,  the  arrange- 
ment of  the  wheels  usual  with  the  American  cars  can,  as  already 
said,  be  adopted  with  carriages  divided  into  compartments  in  the 
European  manner.     Such   bogie  carriages  are  not  only  extensively 
used  on  some   of  the  principal   British  railways,  but  have  been 
British  and      largely  exported  to  the  colonies.     They  combine   the  good  points 
icombined.       of  English  and  American  stock,  the  dead  weight  and   cost   being 
only  slightly  greater  than  for  carriages  with  rigid  wheel  base,  while 
the  smoothness  of  running  over  rough  roads,  and  the  ease  with  which 
sharp  curves  are  traversed,  render   them  well   adapted  for  lines  in 
new  countries. 
Climate.  The  exigencies  of  climate  have  an  important  bearing  on  the  designs 

of  carriages.  In  Great  Britain  the  extremes  of  heat  and  cold  last  but 
a  short  time,  and  are  considered  sufficiently  met  by  the  provisions  for 
excluding  the  wind  and  rain.     But  this  is  not  sufficient  elsewhere. 

Extreme  cold,     and   in   Russia,  Canada,  and   Scandinavia,  extreme  cold   demands 

special  kinds  of  doors  and  windows,  stoves  or  more  elaborate  heating 
apparatus  being  essential  in  every  class  of  carriage.     In  India,  South 

Extreme  heat.    America,  and  other  tropical  countries  the  extreme  heat  renders  neces- 
sary sunshades,  louvre  blinds,  and  other  means  of  ventilation ;  and 
double   roofs   are   provided   not   only  for  all   classes   of  passenger 
Special  materials  carriages,  but  for  horse-boxes  also.     In  such  hot   climates  special 

materials  of  construction  have  to  be  adopted ;  certain  kinds  of  wood 
are  found  unsuitable ;  indiarubber,  if  used,  has  to  be  of  special  kinds  ; 
and  the  seats  and  upholstery  have  also  to  be  different  to  those  in 
temperate  or  cold  climates.  Railways  have  been  so  widely  extended 
Accumulated      that  a  varied  experience  has  accumulated  in  all  these  matters  which 

experience. 

should  be  utilised  in  new  cases  as  they  arise,  and  in  England  the 
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makers  of  railway  carriages  supply  rolling-stock  to  all  parts  of  the 
world. 

The  gauge  of  the  railway  is  the  primary  or  ruling  circumstance  Gauge  of  railway, 
which  has  to  be  considered  in  the  dimensions  of  rolling-stock.     The       see  page  (yi, 
narrower  the  gauge  the  lower  must  be  the  centre  of  gravity  of  the 
carriages,  and  this  limits  greatly  the  scope  of  the  designer ;  and  Determines  many 
though  by  proper  arrangement  it  is  found  possible  to  make  passenger         *****" 
carriages  for  the  narrowest  railways,  yet  the  speed  at  which  the 
carriages  can  run  safely  is  less  for  narrow  than  for  broad  gauges. 
On  the  other  hand,  there  is  the  advantage  that  carriages  running  on 
a  narrow  gauge  can  pass  round  sharper  curves. 

The  amount  of  passenger  rolling-stock  necessary  for  a  new  line  or       Number  of 
even  for  a  given  traffic,  cannot  be  decided  with  certainty,  but  the 
following  facts,  which  apply  pretty  generally,  may  aid  a  decision : — 

I.  In  Great  Britain  the  average  number  of  passengers  in  a  train 
at  one  time  is  about  70. 

a.  One-third  of  the  seats  in  the  average  train  are  filled. 

3.  The  weight  of  passengers'  luggage  on  through  trains  nearly 
equals  the  weight  of  passengers. 

There  are  numerous  exceptions  to  these  averages  which,  for 
instance,  do  not  apply  to  suburban  or  city  traffic,  and  trains  convey- 
ing 600  passengers  are  often  run  in  England,  while  an  average  train 
load  of  over  200  passengers  obtains  on  several  Indian  railways. 

The  passenger  carriages  made  on  the  earlier  railways  were  incon- 
veniently low  and  narrow  as  compared  with  those  made  later,  the  English  carriaees 
dimensions  of  the  old  post-chaises  having  been  apparently  the  formerly* 
standard  first  adopted.  The  experience  gained  in  railway  running 
has  shown  that  the  longer,  wider  and  higher  carriages,  which  are 
necessary  to  the  comfort  and  convenience  of  passengers,  can  run 
safely  without  increasing  the  width  of  gauge.  Thus,  on  the  standard- 
gauge  lines,  carriages  instead  of  being  made  as  formerly  5  ft.  6  in. 
high  from  the  floor  to  the  centre  of  the  roof,  are  now  made  of  heights 
ranging  from  6  ft.  8  in.  to  8  ft.  The  height  and  width  of  bridges 
have  of  course  to  be  considered. 

The  bodies  of  both  carriages  and  wagons  of  all  kinds  are  almost 
always  built  of  carefully-selected  timber,  iron  or  steel  being  only  used  Materials, 
to  bind  the  mass  together  and  for  purposes  where  its  use  is  unavoid- 
able. While  timber,  owing  to  its  low  cost,  is  still  exclusively  used 
for  the  underframes  of  American  cars,  iron  and  steel  underframes  are 
very  generally  used  on  the  Continent,  and  have  been  adopted  by  some 
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English  railways.  The  carriages  built  in  England  for  use  in  India 
and  other  tropical  climates  are  built  almost  exclusively  with  steel 
underframes,  while  mahogany  is  largely  used  for  the  bodies.  Under- 
frames of  iron  or  steel,  if  skilfully  designed,  are  stronger,  more 
durable  than  if  made  of  wood,  are  about  the  same  weight,  and  are 
less  damaged  in  shunting  or  moderate  collisions.  Wooden  under- 
frames are  also  liable  to  be  attacked  by  white  ants  and  rot,  and  the 
fastenings  are  apt  to  work  loose.  This  latter  defect  is  avoided  in 
properly  made  steel  underframes  riveted  by  hydraulic  power.  On  the 
Continent  iron  or  steel  is  also  used  for  the  panelling  of  the  body  of 
passenger  carriages.  Such  panels  are  heavy  and  render  the  carriages 
noisy,  and  hot  in  summer  and  cold  in  winter.  These  faults  may, 
however,  be  prevented  by  good  upholstery  and  by  the  interposi- 
tion of  india-rubber  buffer  cushions  between  the  underframe  and 
the  body,  a  device  which  is  universal  on  British  railways  and  very 
general  on  the  Continent.  In  American  cars  the  underframe  and 
body  form  part  of  the  same  structure,  but  the  consequent  noise  and 
vibration  are  lessened  by  a  double  floor,  the  space  between  being  in 
some  cases  filled  up  with  shavings,  which  often  catch  fire  after  a 
coUision. 

The  wheels  of  railway  carriages  and  wagons  are  made  in  various 
ways.  On  the  earlier  tram-roads  and  railways  the  wheels  were  of 
cast  iron,  but  these  proved  unsuitable,  and  unsafe  for  quick  running 
or  heavy  traffic,  and  have  consequently  in  Great  Britain  been  super- 
seded on  all  railways  by  wheels  made  wholly  or  partly  of  wrought  iron 
or  steel,  though  chilled  wheels  are  used  under  contractors*  tip  wagons 
and  on  the  small  wagons  or  corves  used  in  mines.  Wagon  wheels 
were  formerly  made  with  cast-iron  centres  and  wrought-iron  spokes,  but 
the  spokes,  and  sometimes  also  the  centres,  are  now  made  of  wrought 
iron.  By  the  "  cold  spoke  "  method  of  manufacture  the  body  of  the 
wheel  becomes  a  solid  structure  of  wrought  iron  united  without  a  weld 
by  hydraulic  pressure.  Such  wheels  are  practically  indestructible,  are 
somewhat  lighter  than  the  old  style  with  cast-iron  centres,  but  cost 
rather  more.  But  whatever  the  arrangement  of  these  compound 
wheels,  the  tires  are  always  made  in  a  separate  piece  of  steel  rolled 
in  a  ring,  the  wheel  being  turned,  and  the  tire  bored  with  extreme 
accuracy  and  shrunk  on  to  ensure  a  tight  fit.  There  are  various  ways 
of  fastening  the  tires,  but  for  safety  in  quick  running  it  is  sought  to 
avoid  weakening  the  tire  by  holes  made  in  it  for  bolts  or  rivets.  As 
accidents  have  frequently  been  caused  by  tires  breaking  and  leaving 
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the  wheel,  it  is  endeavoured,  in  the  manufacture  of  wheels  for 
passenger  carriages,  so  to  attach  the  tire  as  to  prevent  it  coming  off 
even  if  broken  into  several  pieces.  This  is  ensured  in  the  Mansell 
wheel,  which,  though  more  expensive  than  other  kinds,  is,  in  the 
almost  universal  opinion  of  English  engineers,  the  best  for  passenger 
carriages.  In  it  the  tire  is  ingeniously  held  by  side  plates  or  rings, 
which  serve  also  to  hold  together  the  body  of  the  wheel,  which  is 
composed  of  solid  teak-wood  segments  tightly  wedged  together 
between  the  ijave  and  the  periphery,  to  the  former  of  which  they  are 
bolted.  Wheels  of  this  sort  run  more  freely  than  those  in  which  the 
spokes  are  open  to  the  wind ;  they  are  also  less  noisy  and  stir  up  less 
dust.  But  the  Mansell  and  other  similar  modes  of  fastening  can  be 
applied  also  to  spoke  wheels  as  well  as  to  those  with  wooden  centres, 
some  engineers  considering  the  latter  unsuitable  for  brake  carriages, 
as  the  centre  has  a  tendency  to  turn  when  the  brake  is  applied  to  the 
tire.  Wooden  centres  are  generally  considered  unnecessary  for 
wagons,  and  are  also  unsuitable  for  climates  where  the  temperature 
or  amount  of  moisture  varies  considerably,  as  in  India,  Canada,  and 
many  of  the  colonies.  In  the  United  States  solid  cast-iron  wheels 
are  used  universally  under  freight  cars.  Made  of  high-quality  cast- 
iron,  the  risk  of  brittleness  is  reduced  by  a  softening  or  partial 
annealing,  and  the  tread  is  rendered  harder  than  steel  by  being  cast 
in  an  iron  mould  or  chill.  These  wheels  are  very  liable  to  sudden 
failure,  and  despite  every  care  in  manufacture  their  life  is  very  un- 
certain. They  are  therefore  fast  being  superseded  by  steel  tires  under 
the  best  class  of  American  passenger  cars,  and  for  the  engine  and 
tender  bogies  of  locomotives.  Cast-iron  chilled  wheels  are  much 
cheaper  in  first  cost  than  the  safer  and  far  more  durable  steel-tired 
wheels  made  in  England,  and  form  one  of  the  numerous  points  of 
difference  which  have  to  be  considered  in  comparing  the  prices  and 
quality  of  English  and  American  rolling-stock.  Chilled  wheels  are 
not  perfectly  round,  are  not  exact  to  size,  and  when  once  worn  or 
badly  skidded  by  the  brake  must  be  thrown  away.  Their  average 
life  varies  greatly  owing  to  their  uncertain  quality ;  but  it  is  much 
less  than  that  of  an  English  wagon  wheel,  the  tire  of  which  can  be 
renewed  by  re-turning  it  in  a  lathe ;  and  when  the  tire  is  worn  out 
the  old  skeleton  of  the  wheel  is  fit  for  a  new  tire. 

The  wheels  used  under  passenger  carriages  in  Great  Britain  vary 
from  42  in.  to  48  in.  diameter  on  the  tread,  or  portion  which  bears  on 
the  top  of  the  rail.     Wagon  wheels  are  generally  36  in.  diameter. 


Fastening  of  tires. 
ManseU  ivheels. 


Wooden  centres. 


American  chilled 
wheels. 

See  alto^ge  70a. 


Will  be 

superseded  by 

steel. 


Durability. 


Diameter  of 
wheels. 


720 


Mathesotis  Aid  Book.         [Chap.  XXIV. 


Sold  in  pairs. 


Prices. 


Axle-boxes. 


Oil  or  grease 
lubrication. 


Light  and 
ventilation. 


Electricity. 
See  page  S69. 


Heating  of 
carriages. 


Stoves. 


Hot  water. 


The  wheels  of  narrow-gauge  rolling-stock  range  generally  from  22  in. 
to  33  in.  diameter  for  both  goods  and  passenger  vehicles,  as  both  run 
at  the  same  speed  in  the  same  mixed  trains.  Wheels  and  axles  are 
generally  sold  by  the  "  pair,"  namely,  one  axle  and  two  wheels.  The 
price  of  wagon  wheels  with  steel  tires  and  axles,  Mansell  or  similar 
tire  fastenings,  and  wrought-iron  naves  and  spokes,  united  by  the  cold- 
spoke  process,  ranges  from  jQ^  to  jQi  2  per  pair  for  standard-gauge 
wheels,  and  from  jQ6  to  j^%  per  pair  for  narrow-gauge  wheels,  the 
dimensions  being  given  above.  ' 

Axle-boxes  are  always  fitted  with  brass  bearings  and  are  also 
usually  sold  per  set  of  four.  They  range  in  price  from  j£^  per  set  of 
four  for  those  suitable  for  wagons,  up  to  JQ^  p)er  set  for  the  more 
elaborate  oil-boxes  for  passenger  carriages.  The  above  prices  are  for 
standard  (4  ft.  8^  in.)  gauge  vehicles.  Lubrication  by  oil  is  super- 
seding that  by  grease,  the  axle-box  being  provided  with  a  well-fitting 
dust-shield  of  felt  or  leather  or  vulcanite,  combined  with  suitable 
spring  lubricating  pads,  supplying  oil  to  the  underside  of  the  journal. 
If  the  axle-boxes  are  properly  made,  and  if  good  oil  be  used,  the 
friction  during  running  is  much  less  than  is  the  case  with  grease.  The 
consumption  of  oil  almost  entirely  depends  upon  the  dust-shields  and 
axle-box  covers  being  oil-tight. 

Other  modem  improvements  in  carriages  have  been  in  the  direc- 
tion of  better  light  and  ventilation.  High  omnibus  roofs  have  been 
introduced  on  several  English  lines,  and  more  window  area  provided. 
Different  systems  of  using  oil-gas  of  high  illuminating  power  in  a 
compressed  portable  form  have  been  tried,  and  have  superseded  the 
simple  but  inefficient  oil  lamps,  which  are  dirty  and  costly.  Electric 
lighting  by  portable  accumulators,  or  by  dynamo-generators  worked 
by  the  axles  of  the  train,  are  also  used,  and  when  improved  and 
reduced  in  cost  are  likely  to  be  widely  adopted. 

There  are  four  distinct  systems  of  heating  railway  carriages  : — 

1.  Foot-warmers,  generally  of  copper,  containing  hot  water  or 
acetate  of  soda.  This  plan,  though  simple,  only  suffices  for  such 
mild  climates  as  England  or  France,  and  involves  considerable  labour 
at  stations. 

2.  Cast-iron  stoves.  These  are  only  suitable  for  the  American 
style  of  car ;  the  heat  is  not  well  distributed ;  the  stoves  are  dangerous 
to  life  in  collisions,  and  are  forbidden  by  law  in  some  parts  of  the 
United  States. 

3.  Furnaces  protected  by  a  wrought-iron  casing  and  heating  hot- 
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water  pipes  are  practically  safe.     The  furnace  can  be  applied  beneath 
a  compartment  carriage. 

4.  Heating  by  live  or  exhaust  steam  from  the  engine  is  safe  and 
effective,  but  the  engines  and  carriages  must  all  be  fitted  with  the 
proper  pipes  and  couplings.  This  method  had,  by  1898,  been  adopted 
on  some  of  the  principal  British  lines. 

The  enlargement  of  the  carriages  and  the  various  other  alterations 
above  referred  to,  have  considerably  increased  the  weight,  so  that, 
even  allowing  for  the  greater  number  of  passengers  which  large 
modern  carriages  can  convey,  the  weight  of  the  carriage  bears  a  larger 
proportion  to  that  of  the  passengers  carried  than  formerly.  Against 
the  conveniences  obtained  have  therefore  to  be  set  the  enhanced  cost 
of  the  carriages,  the  greater  expense  of  haulage,  and  the  wear  and  tear 
upon  the  road ;  the  latter  being  to  some  extent  counterbalanced  by 
the  improved  elasticity  of  the  springs.  The  resistance  at  a  high  speed 
is  augmented  more  by  the  greater  size  and  wind  surface  than  by  the 
increased  weight.     On  inclines,  the  weight  is  the  important  factor. 

Carriages  for  use  in  the  country  of  manufacture  are  almost  invari- 
ably purchased  complete ;  that  is  to  say,  although  various  trades  are 
concerned,  and  carriage-builders  do  not  make  all  the  parts,  it  is  con- 
sidered inexpedient  to  divide  the  purchase  ;  and  the  responsibility  for 
the  whole  is  put  upon  the  builder.  For  exportation,  also,  complete 
carriages  are  generally-  purchased,  for  now  that  the  principal  carriage- 
builders  manufacture  wheels  and  axles,  the  custom  of  making  se])a- 
rate  contracts  for  these  parts  is  less  frequent  than  formerly.  But  for 
the  maintenance  of  rolling-stock  it  is  often  found  advantageous  to 
make  separate  contracts  for  the  various  parts,  a  usual  division  being 
(i )  wheels  and  axles  ;  (2)  axle-boxes  fitted  complete  ;  (3)  buffer-guides 
and  other  castings ;  (4)  bearing  and  other  steel  springs  ;  (5)  wrought- 
iron  forgings,  such  as  buffers,  draw-hooks,  knees,  bolts,  straps  and 
brake-work;  (6)  india-rubber  springs;  (7)  upholstery  trimmings; 
(8)  lamps ;  (9)  door-handles,  and  other  mountings  or  fittings.  In 
cases  such  as  these,  the  body  of  the  carriage  may  be  either  made 
in  the  importing  country  from  indigenous  timber  or  the  wood-work 
may  be  also  sent  out  in  pieces.  If  all  the  wood-work  is  imported, 
the  whole  carriage  should  be  fitted  up  complete  in  the  country  of 
manufacture,  and  then  taken  to  pieces  and  packed.  Carriages  can 
be  specially  designed  for  this :  the  floor,  roof  and  sides  all  forming 
flat  pieces  of  nearly  similar  size,  fitting  into  one  packing  case;  the 
ends  and  partitions  going  into  another.     While  a  systematic  plan  of 
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this  sort  is  necessary  to  ensure  accuracy  and  completeness,  the  wood- 
work can,  if  necessary,  be  made  in  the  importing  countr}',  and  the 
little  deficiencies  and  unavoidable  inexactitude  of  a  mixed  structure 
be  made  good  there.  The  smith's  work  is  also  sometimes  made  in 
countries  which  have  to  import  most  of  their  equipment,  one  complete 
set  of  forgings  being  sent  out  as  a  pattern.  Special  precautions  are  of 
course  necessary  to  ensure  the  proper  fitting  together  of  parts  bought 
from  so  many  different  makers,  and  it  is  usual  to  supply  to  all  con- 
cerned samples  of  those  parts  to  which  connection  will  eventually 
have  to  be  made.  On  most  railways,  standard  patterns  are  kept  of 
all  the  essential  parts,  and  certain  main  dimensions  are  prescribed  to 
which  absolute  uniformity  is  demanded. 

Excluding  exceptionally  high  or  low  prices  which  have  occasionally 
prevailed,  the  following  are  approximately  the  prices  of  some  leading 
types  of  carriages  for  standard-gauge  railways  during  the  ten  years 
ending  1898. 

Third-class  carriages  about  30  ft.  long  in  five  compartments,  with 
seats  for  50  passengers,  mounted  on  six  Mansell  wheels  with  steel 
tires,  cost  from  ;^3oo  to  ;£'4oo  and  weigh  about  1 1  tons.     First-class 
carriages  of  the  same  total  length,  with  similar  wheels  and  under- 
frames,  and  differing  only  in  having  fewer  compartments  and  more 
elaborate  fittings,  cost  from  ^400  to  ;^5oo.     Composite  carriages  of 
similar  length  on  three  pairs  of  wheels,  and  divided  into  different 
classes  and  a  luggage  compartment,  cost  from  ;^35o  to  ^^450.     The 
more   modem   carriages,  40  ft.  to  45   ft.  long,  on   two   four-wheel 
bogie-trucks,  cost  from  ;^5oo  to  ;;^6oo  for  third-class,  and  ;^7oo  to 
;;^8oo,  for  those  composed  of  first  and  second-class,  while  special 
carriages  with  elaborate  or  peculiar  fittings  may  cost  from  ;£'iooo  to 
;^i5oo.     The  above  prices  are  exclusive  of  the  cost  of  packing  for 
shipment,  which,  including  the  labour  of  subdivision,  ranges   from 
4  to  6  per  cent.,  or  even  up  to  10  per  cent,  if  cases  be  lined  with 
zinc.     Carriages  on  two  six-wheeled  bogies  are  longer,  heavier  and 
more  costly  in  proportion  to  the  number  of  passengers  carried,  but 
ride  more  smoothly.     Dining  and  sleeping-cars  are  generally  made 
with  six-wheel  bogies  to  ensure  smooth  riding.     A  dining-car,  55  ft.  to 
60  ft.  long,  costs  about  ;^25oo,  and  a  sleeping-car  rather  less.     The 
price  of  such  cars,  and  of  directors*  and  private  cars,  differs  greatly 
with  the  amount  and  style  of  decoration. 

Narrow-gauge  carriages  cost  less  than  those  for  standard-gauge 
railways,  but  rather  more  if  estimated  in  proportion  to  their  weight 
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and  the  number  of  passengers  carried.  Thus,  to  take  a  few  types  of 
carriages  for  mfetre-gauge  (which  would  apply  generally  to  3  ft.  and 
3  ft.  6  in.  gauges  also),  a  third-class  carriage,  20  ft.  long  and  7  ft. 
wide,  with  4  compartments,  each  carrying  8  passengers,  and  fitted 
with  brakes  and  centre  buffers,  would  cost  from  ;^i75  to  ;^23o,  and 
weigh  about  5  tons ;  a  first-class  carriage  about  20  ft.  long  in  3  com- 
partments, ;^2So  to  ^300.  Smaller  carriages  for  carrying  12  first- 
class  or  18  third-class  passengers  would  cost  about  one-fourth  less 
than  the  above  prices.  Narrow-gauge  bogie-carriages,  about  40  ft. 
long  and  seating  56  third-class  passengers,  cost  from  £,^00  to  ^500, 
and  similar  first-class  carriages,  seating  36  passengers,  about  ;^6oo 

to  ^700. 

A  proper  choice  or  design  of  a  railway  carriage  can  only  be  made  Choice  or  deiirn 
on  the  basis  of  full  information — in  the  first  place  concerning 
the  number  and  class  of  persons  to  be  carried,  and  secondly  in 
regard  to  the  circumstances  of  the  railway,  to  which  all  the  rolling- 
stock  must  conform.  Very  great  inconvenience  and  loss  have  been 
incurred  in  countries  importing  rolling-stock,  because  owing  to  want 
of  these  necessary  particulars  the  vehicles  proved  insuflficient  or  un- 
suitable. 

The  weight  and  cost  of  railway  carriages  have  been  increased  by 
the  introduction  of  continuous  brakes ;  and  though  these  brakes  were 
at  first  confined  to  railways  having  busy  traflfic,  their  usefulness  has 
led  to  their  general  adoption,  especially  on  lines  having  numerous  or 
severe  inclines.  The  different  kinds  of  air-pressure  brakes  do  not 
differ  much  in  regard  to  weight  or  cost.  With  actuating  apparatus 
on  each  carriage,  and  with  brake  blocks  on  each  side  of  four  wheels, 
the  extra  weight  on  a  carriage  ranges  from  10  to  13  cwt.,  and  the 
total  cost  from  ;^3o  to  ;^35  per  carriage.  When  applied  to  goods 
wagons  the  cost  is  less.  The  various  systems  of  chain  and  other 
mechanical  continuous  brakes  are  less  costly  and  slightly  less  weighty, 
but  seldom  so  efficient,  and  are  rapidly  going  out  of  use. 


See  page  731. 
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In  the  selection  or  design  of  Railway  Watsons  for  the  convey- 
ance of  Merchandise^  it  is  even  more  important  than  in  the  case  of 
passenger  carriages  that  the  existing  rolling-stock  on  the  same  or  on 
contiguous  railways,  or  on  those  with  which  future  connection  is 
likely,  should  be  considered,  and  uniformity  on  essential  points  be 
observed.  But  independently  of  this  uniformity,  which  is  necessary 
to  through  transit,  different  railway  companies  have  their  own  rules 
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in  regard  to  strength  and  fitness,  and  will  not  allow  wagons  which  do 
not  reach  their  standard  to  run  upon  their  lines.  Such  uniformity 
and  conformity  to  rules  allow  of  through  transit  of  goods  over  several 
railways  without  change  of  vehicle,  greatly  promote  traffic,  and  save 
time  and  expense.  In  the  transport  of  merchandise,  the  circum- 
stances to  be  considered  are  those  already  enumerated  as  common  to 
all  rolling-stock,  but  the  proportions  and  the  general  conditions  are 
very  different  to  those  of  passenger  carriages. 

One  of  the  first  points  to  be  considered  in  the  designing  of  goods 
wagons  is  their  shape  and  size  for  the  goods  to  be  carried,  and  how 
best  to  carry  the  maximum  quantity  of  what  may  be  called  paying 
load,  with  the  minimum  of  non-paying  load  or  tare  of  the  truck  itself. 
As  the  usual  rates  of  carriage  for  minerals  and  merchandise  range 
from  J^.  to  2d.  per  ton  per  mile  as  compared  with  rates  for  pas- 
sengers and  their  luggage,  equivalent  to  from  6d,  to  30^.  per  ton, 
it  is  evident  that  the  proportion  which  the  non-paying  load  bears  to 
the  paying  load  is  of  immensely  greater  importance  for  goods  than 
passenger  traffic,  even  taking  into  account  the  greater  speed  and 
therefore  greater  haulage  cost  per  ton  of  the  latter.  In  countries 
where  there  is  competition,  or  where  low  tariffs  are  prescribed  by  law, 
so  closely  does  the  cost  touch  upon  the  sums  earned,  that  it  is  pro- 
bable that  much  of  the  cheapest  traffic — ^generally  that  of  minerals — 
involves  actual  loss  if  the  hauling  and  returning  of  empties  or  partially 
filled  wagons  be  taken  into  account ;  and  on  all  railways,  and  even 
where  rates  of  carriage  are  not  cheapened  by  competition,  very  care- 
ful analysis  of  the  varied  expenses  of  a  railway  is  necessary  to  ascer- 
tain the  actual  facts  and  to  apportion  to  each  kind  of  traffic  the  profit 
or  loss  accruing  from  it. 

It  is  difficult  to  define  the  capacity  of  goods  wagons.  As  used  for 
general  merchandise  on  British  railways,  the  nominal  or  maximum 
capacity  is  8  or  10  tons,  and  the  actual  average  load  carried  is  about 
2^  tons.  The  actual  capacity  of  coal  wagons  varies  in  different 
districts  from  7  to  10  tons,  and  as  they  almost  invariably  run  back 
to  the  collieries  empty  the  average  load  is  from  4  to  5  tons.  The 
nominal  or  maximum  capacity  of  American  bogie-cars  varies  from 
13  to  27  tons,  the  oldest  being  of  the  former  and  some  of  the 
newest  of  the  latter  capacity.  The  most  usual  size  is  that  for  carrj- 
ing  18  tons,  and  the  actual  average  load  varies  from  6  to  9  tons. 
The  usual  maximum  train  on  British  railways  is  limited  to  45  or  50 
wagons  if  laden  with  merchandise,  or  30  to  35  wagons  if  laden  with 
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coal,  cattle  or  iron  ore,  &c.  Such  a  train  weighs,  with  engine, 
tender  and  brake  vans,  from  350  to  400  tons,  and  can  be  readily 
shunted  out  of  the  way  of  passenger  trains,  or  hauled  up  a  gradient 
of  I  in  100  by  an  ordinary  British  goods  engine  weighing  about 
40  tons.  Heavier  or  longer  trains  are  exceptional,  but  are  used 
where  the  gradients  are  favourable  and  no  fast  passenger  trains  are 
run  on  the  same  line  of  rails.  Where  high  speed  is  desirable  for 
perishable  merchandise,  the  number  of  wagons  is  reduced  to  25  to 
30,  but  a  through  goods  train  of  45  wagons  can  be  generally  run  at  a 
speed  of  20  to  25  miles  per  hour  including  stoppages,  the  speed  on  a 
level  being  over  30  miles  per  hour. 

The  actual  average  load  carried  in  a  British  goods  train  cannot 
be  exactly  determined,  but  careful  observations  show  that  it  is 
probably  about  80  tons  for  goods  trains,  and  about  100  tons  for 
mineral  trains.  The  average  train  load  in  the  United  States  is 
slightly  below  100  tons.  The  difference  is  not  as  great  as  is 
generally  imagined,  and  is  chiefly  due  to  the  lower  speed,  the  lighter 
construction  of  the  American  cars,  the  more  level  nature  of  the 
country  allowing  better  gradients,  and  the  use  of  heavier  and  more 
powerful  goods  engines.  These  factors,  in  increasing  the  average 
train  load,  are  neutralised  to  a  certain  extent  by  the  rough  permanent 
way,  the  severity  of  the  winters,  and  the  rough  and  cheap  construction 
of  the  cars,  all  of  which  factors  increase  the  train  resistance. 

The  width  of  wagon  is  of  course  limited  by  the  gauge  of  the  rail- 
way and  by  the  loading-gauge  which  bridges,  tunnels  and  other 
existing  structures  render  necessary ;  and  on  British  standard-gauge 
railways  it  hardly  ever  exceeds  7  ft.  6  in.  Wagons  have  to  be  nar- 
rower than  passenger  carriages,  to  allow  for  doors  left  open,  loose 
tarpaulins,  and  other  possible  projections.  In  regard  to  length,  while 
there  is  more  room  for  variance  in  the  design,  turn-tables,  weigh- 
bridges and  hydraulic  lifts,  when  once  established,  limit  the  dimen- 
sions ;  while  safety  in  running  limits  the  length  of  wheel-base,  and, 
with  certain  qualifications,  the  length  of  carriage  also. 

On  British  railways  8  ft.  6  in.  is  a  usual  length  for  the  wheel- 
base  A,  and  it  seldom  exceeds  9  ft.  A  customary  proportion  is  65 
per  cent,  of  the  length  of  the  body  of  the  wagon,  which  is  seldom 
allowed  to  overhang  more  than  3  ft.  at  each  end,  the  total  length, 
B,  ranging  from  1 4  ft.  to  36  ft.  Wagons  for  special  purposes  are 
occasionally  made  longer.  Wagons  of  these  moderate  dimensions 
are  convenient  for  marshalling  and  shunting,  require  turn-tables  of 
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_         small  diameter,  and  can  be  made  strongly  with  moderate  weight.     In 

CJQ  OO^^  the  United  States,  while  the  advantages  of  a  short  wheel-base  are,  be- 
cause of  the  less  perfect  roads,  even  more  necessary  than  in  England, 
it  is  allied  with  much  longer  wagons,  for  by  the  use  of  bogie-trucks 
the  rigid  wheel-base,  a,  is  only  about  5  ft.,  while  a  total  length,  b,  of 
from  28  ft.  to  34  ft.  is  obtained.  The  bogie  wheel-base  must  never 
be  less  than  the  gauge  of  the  railway. 

In  the  choice  between  these  long  wagons  and  those  of  British 
pattern,  somewhat  the  same  considerations  prevail  as  determine  the 
choice  in  passenger  carriages,  i.e.  the  larger  vehicles  are  generally 
preferable  for  long  journeys.      For  instance,  if  large  quantities  of 
produce  or  merchandise  have  to  be  sent  several  hundreds  of  miles 
from  or  to  a  port,  large  wagons  can  be  filled,  involving  less  dead 
weight,  fewer  couplings,  and  making  shorter  trains  than  would  smaller 
wagons  of  the  same  total  carrying  capacity.     The  longer  the  average 
journey,  the  less  is  the  proportion  of  shunting  and  marshalling  oi>era- 
tions,  and  the  saving  in  haulage-cost  which  the  long  wagons  allow^s  is 
less  neutralised.    Thus,  while  in  America  a  wagon  may  run  1000  miles 
and  remain  undisturbed  in  its  place  in  the  train,  an  English  wagon 
may  in  the  same  number  of  miles  make  twenty  trips,  and  require  to  be 
moved  by  a  horse  or  by  a  hydraulic  capstan,  to  descend  and  ascend  a 
lift,  and  to  be  put  on  a  turn-table  once  or  twice  on  ever)'  trip.     It  will 
be  seen,  therefore,  that  large  and  small  wagons  have  each  their  appro- 
priate duty,  and  that  neither  type  has  an  absolute  superiority.     Even 
if  a  change  to  the  American  system  were  desirable,  the  fact  that 
existing  turn-tables  and  lifts  are  of  a  certain  limited  size  would  forbid 
it  on  railways  of  British  construction.       Even  in  America,  where 
long  wagons  are  the  rule,  coal,  which  is  to  be  hauled  a  less  average 
distance  than  is  usual  with  produce,  is  generally  carried  in  four-wheel 
wagons  smaller  than  those  in  England  for  the  same  purpose.     Speed 
has  also  to  be  considered.     Where  there  is  a  busy  traffic,  the  goods 
trains  have  to  be  continually  shunted  to  allow  quick  trains  to  pass, 
and  even  with  this  relief  have  to  be  run  at  a  speed  which  is  ex- 
pensive, in  order  to  keep  the  line  clear  for  passenger  trains.     Long 
or  heavy  wagons  are  not  suitable  for  such  treatment ;  but  by  the 
construction  of  duplicate  lines  for  minerals  and  merchandise,  slower 
and  heavier  trains  may  be  adopted,  thus  reducing  the  objections  to 
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down  to  the  sides  and  ends  of  the  wagons.  This  method  saves 
weight,  but  the  tarpaulins  are  apt  to  get  lost,  torn,  and  worn ;  and 
unless  carefully  tied,  become  loose  and  allow  the  wet  to  enter.  If 
the  first  cost  of  the  tarpaulins  and  their  rapid  wear  and  decay  be 
taken  into  account,  as  well  as  the  damage  sustained  by  goods  from 
the  insufficient  fastening  of  the  tarpaulins,  the  alternative  of  closed 
wagons  will  generally  prove  the  most  economical.  Although  on 
American  railways  cheapness  is  much  considered,  covered  wagons 
are,  for  the  above  reasons,  preferred  to  tarpaulins. 

Within  the  limits  prescribed  by  the  foregoing  considerations,  there 
is  still  room  for  much  diversity  of  design.  If  the  goods  to  be  carried 
were  uniform  in  kind,  and  sufficient  to  fill  the  trucks,  there  would 
be  little  difficulty  in  arriving  at  a  decision  as  to  the  best  size. 
A  permanent-way  strong  enough  for  locomotives  has  an  ample 
margin  for  wagons,  and  the  maximum  weight  is  rather  determined 
by  the  amount  which  a  horse  can,  in  the  operations  of  marshalling 
and  shunting,  not  only  draw,  but  start. 

Hydraulic  capstans  are  largely  used  instead  of  horses  at  important 
stations,  and  especially  where  the  same  hydraulic  power  is  or  can  be 
used  for  cranes  or  hoists.  At  small  stations  a  peculiar  form  of 
pinch  bar  or  lever  is  often  used  by  which  one  man  can  easily  move 
the  heaviest  wagons. 

In  the  case  of  mineral  traffic,  the  haulage  of  the  empty  return 
wagons  has  also  to  be  considered,  and  the  comparison  between  paying 
and  non-paying  load  has  to  be  calculated  on  the  basis  of  one  journey 
of  the  former  to  two  of  the  latter.  It  is  of  course  the  aim  of  railway 
managers  to  avoid  such  unremunerative  hauling ;  but,  though  it  can 
sometimes  be  reduced,  it  can  seldom  be  avoided  altogether.  A 
favourable  opportunity  is  found  where  there  is  an  exchange  of 
minerals.  Thus,  in  an  iron-making  country,  where  the  coal  and  iron 
mines  are  not  contiguous,  coal  may  be  taken  to  the  ore  and  ore 
brought  to  the  coal,  the  wagons  being  thus  employed  in  both  direc- 
tions. In  the  iron  districts  of  Northamptonshire  and  Lincolnshire 
blast  furnaces  have  been  established,  and  are  supplied  with  coal  from 
other  counties,  the  coal  wagons  taking  back  ore  to  the  blast  furnaces 
in  the  coal  districts.  This  is  a  rare  case,  and  in  England  generally 
the  coal  traffic  is  too  great  to  allow  of  return  cargo  for  the  wagons. 
And  in  most  countries,  even  when  there  is  a  great  interchange  of 
traffic,  the  goods  to  be  carried  are  of  a  very  different  character,  and  the 
proportion  of  tare  weight  to  be  hauled  different  accordingly.     Some- 


Are  ineffective. 


Diversity  of 
design. 


Hydraulic 
capstans. 

Sre  pages  6io  &^  803. 


Empty  wagons. 


U  nremunerative 
haulage. 


Mineral  wagons. 


See  page  353. 


728 


Mathesotis  Aid  Book.        [Chap.  XXIV. 


Gradients. 
See  pages  63  &•  693. 


Load  limited  by 

bulk  as  well 

as  ^veight. 


See' page  467. 


Risk  of  heavy 

eoods  in 
light  ^vagons. 


Variety    of 
wagons. 


Diversity 

a  cause  of 

expense. 


One  type  serves 

for  various 

goods. 


High  freight 

rates  allow  for 

tare. 


times  the  difficulty  is  minimised  by  the  direction  of  the  gradients. 
Thus  a  railway  for  conveying  minerals  or  metals  from  the  interior  of 
a  country  to  the  coast  for  shipment  may  be  mostly  downhill,  and  the 
lighter  return  loads  may  be  appropriate  to  the  return  journey. 

It  is  obviously  impossible  to  lay  down  a  rule  for  the  proportion 
of  tare  weight  to  paying  load  where  the  nature  of  the  merchandise 
varies,  and  where,  as  in  the  stowage  of  a  ship,  bulk  as  well  as  weight 
limits  the  amount  to  be  carried.  And  though,  where  there  is  a  large 
staple  trade  of  one  particular  kind,  the  wagons  may  be  designed  to 
suit  it,  they  can  seldom  be  the  best  for  both  journeys,  and  some 
compromise  must  be  adopted.  But  with  all  these  drawbacks,  it  is  a 
reciprocal  commerce  which  cheapens  transport,  and  new  trades,  open- 
ing out  new  sources  of  revenue  for  railways,  are  generally  developed 
where  there  is  unrestricted  interchange  of  commodities.  Even  where 
there  is  a  large  or  staple  traffic  in  light  goods,  it  is  dangerous  to  make 
wagons  of  strength  and  weight  proportionate  only  to  such  load,  for 
there  is  always  a  risk  that  goods  of  other  and  heavier  kinds  may 
occasionally  be  placed  in  them  on  a  return  journey.  And  however 
light  the  merchandise,  the  wagons  may  have  to  form  part  of  a  mis- 
cellaneous train,  and  must  be  strong  enough  to  transmit  the  haulage 
force  and  to  bear  the  shocks  of  running  and  shunting. 

On  all  railways  there  must  be  various  kinds  of  wagons  for  the 
different  merchandise,  but  the  fewer  the  types  with  which  the  traffic 
can  be  carried  on,  the  more  cheaply  is  the  line  worked ;  the  incon- 
veniences and  expenses  which  great  diversity  causes  being  propor- 
tionately greater  on  a  small  railway  than  on  a  large  one.  The  question 
is  one  for  which  no  general  rules  can  be  established,  but  must  be 
settled  according  to  the  circumstances  of  each  case.  On  British 
railways  the  diversity  of  wagons  is  very  great,  but  the  evil  is 
minimised  where  there  is  enough  traffic  for  each  kind  of  wagon. 
A  less  variety  is  necessary  in  Ireland,  where  the  traffic  is  chiefly  in 
manufactured  goods,  raw  materials  liable  to  damage  by  wet,  and 
cattle.  One  type  of  wagon  can  be  used  for  various  kinds  of  loads, 
because  high  cattle  wagons  can  (after  the  compulsory  cleaning  they 
undergo)  be  utilised  for  casks,  coke,  sleepers,  drain-pipes,  dressed 
timber  and  other  undamageable  goods.  Bale  or  sack  goods,  which 
must  be  effectually  protected  from  damage  or  pilfering,  and  are 
valuable  enough  to  bear  a  higher  rate  of  carriage  than  cheaper  goods, 
can  be  conveyed  in  the  covered  wagons,  the  extra  tare  weight  of 
which  still  allows  a  remunerative  return  for  the  haulage.     On  the 
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other  hand,  when  stone,  pig-iron,  or  slates  have  to  be  carried,  for 

which  low-sided  wagons  are  sufficient,  the  tare  weight  should  be 

brought  down  to  the  lowest  point  which  the  safe  working  of  the 

railway  will  permit.     In  short,  while  the  Size  of  wagons  depends     Siac  and  form 

principally  on  the  length  of  the  journey,  so  does  the  Form  depend 

on  the  nature  of  the  goods  to  be  conveyed. 

In  the  earlier  days  of  railways  it  was  deemed  unnecessary  to 
furnish  wagons  with  springs,  but  the  effect  on  the  permanent-way 
and  on  the  frames  of  heavy  wagons  without  such  alleviation  of  the 
shocks — especially   during    the   quick    running    necessary   to   allow 
numerous  trains — soon  rendered  bearing-springs  necessary.     And  on  Sprines  necessary 
most  railways  spring  buffers  and  spring  draw-bars  are  also  adopted. 
The  improvements  in  goods  wagons  since  the  earlier  days  of  railways 
have,  however,  been   slight  compared  with  those  in  engines  and 
carriages  during  the  same  period.     Improvements  have  been  mainly  improvements  in 
in  the  direction  of  greater  strength  and  durability,  especially  in  those        ^  '°°'' 
parts  which  have  proved  liable  to  sudden  breakdown ;  while  in  the 
designing  of  details  and  in  the  material  employed,  facility  for  repairs 
is  more  considered  than  formerly. 

Railway  wagons  are  subjected  to  such  severe  shocks  that  the 
best  and  strongest  materials  should  alone  be  used  in  their  construe-       Materials, 
tion,  the  durability  of  the  wagons  and  the  cost  of  repairs  depending 
also   on   the   care  with  which   the   timber  has   been   selected  and 
seasoned.     English  oak,  North  American  white  oak,  and  pitch-pine    Oak  and  pitch- 
are  the  woods  most  used  in  Great  Britain  for  the  framing  of  wagons,  '**"** 
but  the  sheeting,  flooring,   and   roofs   are  usually  made  of  Baltic 
redwood.     Formerly  American  spruce  was  used  for  cheap  wagons, 
but  this  has  been  abandoned.     For  tropical  countries,  teak  is  mainly        Teak  for 
used.      The  substitution  of  iron  and  steel  for  wood  as  a  material       o  c  ma  a. 
for  railway   wagons    has    often    been    advocated,   even   when    for 
passenger    carriages    it    is    considered    inappropriate,   and    it    has 
been  tried  in  various  ways.     If  the  stresses  to  which  the  various       strains  on 
parts   of    a  wagon    are    subjected    could    be  clearly   defined,   the  ^""^^Sefined?** 
selection  of  material  suited  to  each  might  perhaps  be  made  with 
advantage.     But  the  shocks  and  strains  are  so  varied  and  peculiar 
that  no  such  accurate  apportionment  can  be  arrived  at ;  iron  or  steel 
cannot,  in  the  opinion  of  most  English  engineers,  be  applied  with 
advantage  for  the  bodies ;  but  iron  and  steel  are  gradually  super-     Undcrframea, 

wood 

seding   timber  for  the   underframes,  wood   planking  stiffened  and     iron,  or  steel, 
supported  by  iron  knees  and  braces  being  still  considered  best  for       ^'^  ^^  786. 
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all  above  the  floor-level.  The  sides  of  bogie-trucks  can  be  advan- 
tageously made  of  steel  formed  of  one  piece  by  hydraulic  pressure, 
but  on  British  railways  the  established  dimensions  of  turn-tables  and 
station  lifts,  as  well  as  the  necessity  of  shunting  already  referred  to, 
forbid  a  change  to  the  long  American  wagons.  Wagons  solely  built 
of  iron  or  steel  are,  on  British  and  American  railways,  seldom 
made,  except  for  peculiar  purposes,  such  as  the  conveyance  of  hot 
refuse  from  blast  furnaces,  or  other  cases  where  the  contact  of  the 
materials  carried  is  damaging  to  wood.  But  for  use  in  India  and  the 
tropics,  where  wood  is  liable  to  decay  or  to  be  attacked  by  ants, 
wagons  are  made  entirely  of  steel.  They  are  made  cheaply  in  large 
quantities  by  special  machinery.  ♦ 

The  quality  of  wagon  wheels  and  axles  is  of  the  greatest  import- 
ance, for  not  only  the  term  of  endurance  and  cost  of  maintenance 
depend  upon  it,  but  the  safety  of  an  entire  train  is  endangered  if  the 
defective  wagon  or  wheel  form  part  of  it.  On  British  railways,  and 
on  most  of  the  colonial  lines,  the  axles  are  generally  made  of  steel, 
and  are  larger  and  better  proportioned  than  formerly ;  the  tires  also 
are  of  steel,  and  are  held  to  the  wheels  by  various  forms  of  fastening 
which  avoid  objectionable  rivets  through  the  tread  of  the  tire.  The 
couplings,  draw-bars,  and  hooks  are  subjected  to  such  heavy  shocks 
that  they  are  always  made  of  iron  much  superior  to  that  used  in  other 
parts  of  the  wagon,  so  that  they  may  afford  the  necessary  strength 
without  inordinate  weight. 

The  principal  railway  companies  when  buying  rolling-stock  from 
manufacturers  generally  present  to  them  very  elaborate  specifications 
of  what  is  required,  and  though  standards  of  size,  kind,  and  quality 
have  been  established,  improvements  are  from  time  to  time  introduced. 
But  on  many  of  the  smaller  railways,  and  especially  those  distant  from 
the  place  of  manufacture,  the  wagon-builders  are  often  invited  to  offer 
their  own  designs.  Rolling-stock  can  be  suitably  designed  only  on 
the  basis  of  full  information  on  the  following  points  ;  and  it  is  of  the 
greatest  importance  that  the  particulars  furnished  by  the  purchaser 
shall  be  full  and  explicit,  as  the  vague  and  indefinite  information 
often  supplied,  not  only  is  interpreted  differently  by  competing  manu- 
facturers and  a  proper  comparison  of  prices  hindered,  but  the  stock 
when  built  may  be  unsuitable  for  its  purpose.  But  if  the  railway  is 
an  entirely  new  one,  where  interchange  of  traffic  with  existing  lines 
has  not  to  be  provided  for,  the  points  of  uniformity  need  not  be  so 
much  regarded. 
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1.  The  Gauge oi  the  railway,  the  section  of  the  rail,  and  a  descrip- 
tion of  the  permanent-way. 

2.  The  kind  of  Goods  to  be  carried,  with  special  regard  to  the  fol- 
lowing circumstances  : — 

(a)  Whether  the  wagons  are  always  to  be  used  for  the  same  class 

of  goods,  such  as  coal  or  iron. 

(b)  If  for  miscellaneous  traffic,  a  description  of    the  different 

classesy  and  some  indication  of  the  proportions  of  each. 

(c)  Whether  the  goods  will  be  of  a  kind  liable  to  damage  by 

weather, 
{d)  Whether  the  goods  will  be  of  til  fragile  nature,  requiring  special 

protection  from  damage  in  transit  and  during  shunting. 
{e)  Whether  valuable  goods  liable  to  pilfering  are  to  be  carried, 

and  if  so,  what  system,  if  any,  is  adopted  or  proposed,  of 

bars,  locks,  or  seals  to  prevent  it. 
(/)  The  maximum  weight  and  bulk  to  be  carried  in  each  wagon. 

3.  Points  of  uniformity  with  existing  vehicles  on  the  railway  or  on 
neighbouring  lines  which  are  necessary  or  expedient,  such  as : — 

(^)  Whether  one  central  or  two  side  buffers  are  used;  if  the 
former,  its  shape  ;  and  if  the  latter,  the  width  between  the 
centres  of  buffers. 

{h)  The  height  of  the  floor  of  the  wagons  from  the  rails. 

(j)  The  height  of  the  buffers  and  draw-hooks  from  the  rails,  and 
a  pattern  or  drawing  of  the  hook.  The  position,  size,  and 
kind  of  the  sockets  and  holders  for  the  side  and  tail  lamps. 

(k)  A  profile  of  the  established  loading-gauge. 

(/)  The  kind  and  dimensions  of  wheels^  axks^  and  axle-boxes. 
(w)  The  length  of  iv/ieel-base  usual  or  intended,  and,  if  locking  or 
detector  bars  are  used  at  points,  the  length  of  the  bar.     If 
continuous  brakes  are  used,  the  kind,  with  a  sketch  showing 
the  exact  position  of  the  pipe -couplings. 

4.  The  maximum  weight  of  train  of  which  the  new  rolling-stock  is 
to  form  part,  and  the  incline  of  the  steepest  or  ruling  gradient 

5.  Whether  any  sidings  are  situated  on  steep  inclines,  rendering 
/land-brakes  on  every  wagon  necessary. 

6.  The  radius  of  the  cun^es  on  the  main  line  and  in  sidings. 

7.  Whether  oil  or  grease  is  used  for  lubrication, 

8.  The  nature  of  the  climate  in  regard  to  the  following  points  : — 
(//)  Extremes  of  lieat  which  may  render  necessary  si>ecial  kinds 

of  roofs  or  ventilation. 
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(p)  Prevalent  dust  or  dirt  which  may  require  special  protection 

for  the  axle-bearings. 
(/)  Severe  winters  requiring  double  lining  and  stoves  in  brake 
vans,  or  moderate  cold  which  may  render  necessary  stoves  in 
brake  vans  for  use  in  frosty  nights,  or  during  the  crossing  of 
mountains. 
(q)  Long  journeys,  requiring  some  sleeping  accommodation  in 

brake  vans, 
(r)  Excessive  rainfall, 
(j)  Whether  certain  kinds  of  wood  or  other  material  have  proved 

to  be  or  are  likely  to  be  cheap,  durable,  or  unsuitable. 
9.  Whether  the  wagons  are  to  be  made  complete  or  only  in  part ; 
if  the  latter,  which  parts,  and  the  kind,  shape,  and  material  of  the  parts 
to  be  added  afterwards. 

The  various  improvements  previously  alluded  to  have  increased  the 
cost  of  rolling-stock,  but  the  greater  cost  is  justified  by  the  easier 
running  of  the  wagons,  the  less  damage  to  the  permanent-way,  the 
greater  security  to  the  goods,  and  the  less  liability  to  failure,  which  is 
not  only  cosdy  in  itself  but  a  cause  of  delay  to  other  traffic. 

The  most  usual  types  of  wagons  on  the  railways  of  Great  Britain 
and  their  prices  may  be  tabulated  as  under,  spring  buffers  being 
included  in  all  cases  : — 

Average 

Approximate  weight 

Prices.  in  tuiu. 

Low-sided  (sides  12  in.  high)  for  ironwork  or  iron   . .  ;f  55  to  ;f  70  4  to    4} 
Medium  (sides  36  in.  high)  the  most  usual  in  Greatl 

Britain  (Fig.  199) /     ^  »»  75  4*  »,     5 

High-sided  (sides  48  in.  high)  for  sack,  bale,  or  bulky  J 

goods       /     ^5  M  80  4i  ,.     5 

Covered  for  valuable  goods  (Fig.  200)       90  „  100  6  ,,     6) 

Cattle  wagons        95  ,,  no  b\  ,,     7 

Salt  wagons 85  „  9$  5  »i     6 

Timber  trucks  (Fig.  201)      70  „  80  4i  >>     ^ 

Special  trucks,  as  for  thrashing  machines  or  boilers  200  ,,  300  12  „  20 

Goods  brake-vans  weighted  with  cast  iron        •.      ..  120  ,,  200  10  ,,12 


^ox. 


Long  wagons  Wagons  Carried  on  two  4-wheeled  bogies  are  not  used  on  British 

on  bog  5-truc  s.  yj^jj^y^yj;^  \y^^  are  extensively  exported  to  India  and   many  of  the 

colonies.     They  possess  many  advantages,  and  are  especially  suitable 
Set  page  726.      ^o^  \\nQ,%  having  rough  permanent-way,  or  many  sharp  curves,  or  for 
narrow-gauge  lines,  where  a  4-wheeled  wagon  is  too  small  to  accommo- 
date bulky  articles.     They  are  also  very  useful  where  the  line  is  being 
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continually  extended,  as  they  can  be  used  for  the  transport  of  rails, 
piles  and  bridgework,  which  cannot  be  conveniently  loaded  on  small 
wagons.  The  greater  size  and  dead-weight  of  bogie  wagons  render  it 
especially  important  that  they  should  always  carry  a  load,  and 
consequently  they  should  be  designed  to  suit  a  wide  diversity  of 
traffic.  Thus,  wagons  conveying  cattle  from  the  interior  of  the  country 
to  the  seaboard  may  have  special  end  doors  for  loading  rails  or  long 
timber  on  the  return  journey.  Side  or  bottom  flap  doors  may  be 
provided  for  the  discharge  of  ore,  coal,  or  ballast. 

In  Great  Britain,  although  the  railway  companies  provide  the 
rolling-stock  for  general  merchandise  they  do  not  provide  all  the 
wagons  for  conveying  minerals,  such  as  ore,  coal,  lime,  iron,  and 
steel,  a  considerable  proportion  of  these  being  owned  by  those  whose 
minerals  are  carried.  Owing  to  the  diversity  of  ownership,  vehicles 
of  various  designs,  material,  and  workmanship  running  in  the  same 
trains  have  been  the  cause  of  numerous  accidents.  This,  and  the 
circumstance  that  the  sorting  and  marshalling  of  empty  wagons  to  give 
back  each  to  its  respective  owner,  involves  much  expense  and  delay, 
form  an  incentive  to  the  railway  companies  to  reduce  the  number  of 
private  wagons  as  much  as  possible.  It  has  only  been  possible  to 
partially  accomplish  this,  as  it  involves  a  large  capital  expenditure ;  and 
it  is  seldom  that  railway  companies  avail  themselves  of  the  special 
financial  societies  that  supply  wagons  on  terms  of  hire  or  deferred 
payment.  Meanwhile  the  railways  most  engaged  in  the  traffic  of 
heavy  minerals  have  established  rules  and  conditions  of  quality,  and 
will  not  allow  private  wagons  to  run  on  their  lines  till,  by  careful 
inspection,  conformity  to  these  rules  has  been  assured  and  recorded 
by  an  inscribed  plate  affixed  to  each  wagon.  The  following  leading 
particulars  for  a  wagon  to  carry  10  tons  of  minerals  on  British 
railways  will  serve  as  an  example  current  in  the  year  1898. 

The  maximum  dimensions  are  8  ft.  width,  10  ft.  height  at  ends,  and 
1 1  ft  6  in.  height  in  middle.  The  shackles  and  other  draw-gear  to 
be  made  of  the  best  cable  iron.  The  two  axles  to  be  of  steel,  not 
less  than  6  ft.  6  in.  in  total  length,  not  less  than  5^  in.  diameter 
where  fixed  in  the  wheel,  tapering  to  4J  in.  in  the  middle  of  the 
axle,  and  with  journals  8  in.  long  and  3  J  in.  diameter.  The  steel  to 
be  equal  to  a  strain  of  35  tons,  and  to  endure  a  specified  falling 
weight  without  fracture.  The  wheel  tires  to  be  of  steel  5  in.  wide 
and  not  less  than  2  in.  thick.  Each  wagon  to  have  double  brakes 
and  cast-iron  brake  blocks,  and  buffers  with  laminated  springs. 
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For  narrow-gauge  railways,  of  which  those  of  3  ft,  3  ft.  3 J  in.  (one 
mbtre),  and  3  ft.  6  in.  may  be  included  together,  the  goods  wagons, 
with  central  buffers  and  draw-gear,  will  generally  weigh,  cost,  and  carry 
from  20  to  40  per  cent,  less  than  those  of  similar  type  of  the  standard 
gauge. 

Wagons  for  little  railways  between  2  ft.  and  3  ft.  gauge  cost  from 
£iZ^  ^o  ;^5°  \  but  on  small-gauge  portable  railways,  such  as  already 
described  for  plantations,  mines,  or  farms,  or  for  contractors* 
purposes,  where  earth-tipping  wagons  are  needed  of  very  small 
gauge,  steel  or  iron  wagons,  weighing  from  4  to  1 2  cwt,  and  without 
springs,  can  be  purchased  for  from  ;^7  to  ;^i5 ;  and  if  the  under- 
frame  with  wheels  are  alone  purchased,  for  the  addition  afterw^ards 
of  wooden  bodies,  these  prices  are  diminished  by  about  one-fourth. 
Narrow-gauge  wagons  should  have  central  buffers. 

Contractors'  wagons  (standard-gauge)  made  of  wood,  with  wrought- 
iron  axles  and  cast-iron  wheels,  but  without  springs,  holding  from  80  to 
100  cubic  feet,  and  arranged  for  tipping  end  or  sideways,  cost  from 
;^i5  to  ;;^25,  and  weigh  from  30  cwt.  to  50  cwt. 


See  also  Railways. 


CHAPTER    XXV. 

MACHINE   TOOLS. 

However  much  hand-made 
articles  may,  in  some  branches 
of  the  arts,  be  considered 
superior  to  the  machine-made 
article,  the  reverse  is  the  case 
in  most  engineering  opera- 
tions, for  in  almost  all  cases 
the  aid  which  the  machine 
process  atfords  is  found  to 
improve  the  quality,  while  it 
he  engineer  and  the  tool-maker 
way ;  the  one  framing  his  design 

J  ^__.j  as  possible  can  be  operated  on 

by  machinery  ;  and  the  other,  year  by  year,  contriving  new  machines 
to  supersede  hand-labour.  The  artisan  instead  of  having,  as  formerly,  Lmbour-. 
by  his  own  sheer  force  to  cut  the  metals  on  which  he  works,  can 
now  apply  his  skill  to  the  higher  function  of  setting  out  his  work  and 
superintending  the  machines  which  obey  his  will.  The  mere  fend- 
ing of  the  machines,  and  the  adjustment  of  the  cutting-tools  can 
be  performed  by  an  ordinary  workman,  and  the  amount  of  finished 
work  which  a  certain  expenditure  of  time,  money,  and  labour  will  Eetier  w 
produce  is  immensely  increased,  to  the  great  advantage  of  the 
community. 

The  earlier  inventors  evolved  the  principles  of  the  machine  tools —  Bariy  im 
such  as  the  action  of  the  planing-machine,  slide-rests,  screw-cutting 
gear — and  for  many  years  little  improvement  was  effected  on  the 
forms  adopted  by  the  original  makers.  But  ingenuity  has  since  been 
directed  to  improvement  in  detail,  and  has  been  stimulated  by  the 
assistance  rendered  by  the  users,  who,  being  themselves  engineers 
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or  skilled  workmen,  have  been  able,  more  easily  than  could  users  of 
other  machinery,  to  invent  or  suggest  new  contrivances.     As  applic- 
able to  engineers'  tools  generally,  the  following  have  been  the  most 
important  of  such  improvements  : — 
Improvements  in         The  framework  is  better  designed,  and  one  piece  or  casting  is, 

wherever  possible,  substituted  for  numerous  parts  bolted  together ;  and 
a  hollow  section,  which  affords  greater  strength  and  stiffness,  is  pre- 
ferred to  the  H>  T>  o^  X  section  formerly  adopted.     Steel  and  mal- 
Better  framing,    leable  cast  iron  are  substituted  for  cast  iron  in  parts  exposed   to 

torsion  or  percussive  strains ;  spindles  are  made  of  steel  instead  of 
wrought  iron,  and  ball  bearings  are  used  for  thrust  spindles ;  hardened 
steel  bushes,  which  are  long-enduring,  or  brass  bushes  which  can  be  re- 
Friction  reduced,  placed,  are  used  instead  of  unlined  bearings,  which  were  bushed  only 

when  worn ;  contrivances  for  taking  up  the  wear  are  more  usually 

supplied ;  and  the  overhead  gear  is  of  better  form,  and  fitted  with 

Electric         more  powerful  cone  pulleys  than  formerly.     Electric  transmission  in- 

Ste^^txt.      stead  of  shafting,  and  electric  "  drivers,"  reduce  the  waste  of  power  in 

giving  motion  to  isolated  machines,  while  greater  facilities  for  attaching 

the  work  to  the  machine  lessen  considerably  that  expenditure  of  time 

and  money  in  fixing,  adjusting,  and  detaching  the  work,  which  often 

exceeds  the  expense  in  the  actual  operation  of  the  machine.     While 

Accurate  fitting,  in  all  engineers'  work  accurate  fitting,  true  surfaces,  and  exact  lines 

are  desirable,  these  qualities  are  specially  necessary  in  machine-tools 

which  reproduce  and  multiply,  in  the  work  to  which  they  are  applied, 

the  good   or  bad   workmanship   by   which   they   themselves   were 

constructed. 

Engineers'  tools  Machine  tools  might  be  classed  according  to  their  mode  of  acting 

c  ass   c  —       ^^  metals,  as — lathes,  planers,  and  slotting  tools,  having  a  cutting 

According  to     action  j   shearing,  cropping  and   punching  tools,  having  a  shearing 

mode  of  action ;  ^^^j^^  .  emery-whecls  and  grinding-machines,  as  acting  by  abrasion  ; 

but  it  is  deemed  more  convenient  to  classify  them  according  to  their 
purpose,  as  follows  : — 
According  to  I.  Machine  tools  for  the  makers  of  stationary,  marine,  and  loco- 

purpose.         motive  engines,  and  special  tools  for  railway-carriage  builders  and 
other  repetition  work. 

2.  Machine  tools  for  boiler-makers,  ship-builders,  bridge  and  girder 
makers,  tank  and  gas-holder  makers. 

3.  Smithy  tools,  including  steam-hammers,  power-hammers,  and 
hydraulic  forging-machines. 

The  special  machines  and  appliances  for  iron  and  steel  making,  for 
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rifled  ordnance  and  small-arms  manufacture,  for  the  cutting  and  mani- 
pulating of  wood,  fibres,  fabrics  and  leather,  all  of  which  might  be 
classed  as  tools,  may  be  considered  outside  a  strictly-defined  category 
of  engineers*  tools,  and  are  therefore  not  further  alluded  to  here.  Each 
of  the  divisions  might  again  be  subdivided,  and  generally  according 
to  the  weight  and  strength  of  the  machines,  and  a  great  variety  of 
special  tools  included.  It  is,  however,  here  only  intended  to  give  the 
leading  types  of  machine  tools,  although  incidentally  variations  or 
adaptations  for  particular  purposes  will  be  alluded  to. 

For  the  present  purpose,  however,  the  most  convenient  classifi- 
cation of  machine  tools  may  be  made  according  to  their  kind,  as 
follows : — 

Lathes,  Drilling-machines,  including  horizontal  drilling  and  boring- 
machines,  Planing-machines,  SlOtting-machines,  Shaping-machines, 
Milling-machines,  Emery-machines,  Screwing-machines,  Cold  saws. 
Punching  and  Shearing-machines,  Riveting-machines,  Plate-bending 
machines ;  Smithy  tools.  Steam-hammers,  Power-hammers,  Hydraulic 
Forging-machines,  Hot  saws. 


Tools  other  than 

for  engineers 

omitted. 


Machines 

cUsiified  accord < 

in£  to  kind. 


Lat/ies  stand  first  in  order  of  importance  among  machine  tools ;  Lathes, 

and  the  various  uses  to  which  lathes  are  applied  have  greatly  in- 
creased. It  may  indeed  be  asserted,  in  regard  to  steam-engines  and 
general  machinery,  that  the  cost  of  workmanship  depends  mainly  on  ' 

the   proportion  of  the  circular  or  cylindrical  work  which  can  be  ^, 

performed  by  the  lathe ;  and  for  this  reason,  engines  and  machines 
of  all  kinds — especially  those  which  are  made  in  large  numbers  alike 
— have  their  parts  specially  designed  to  this  end.  Lathes  may  be 
classified  generally  as  ordinary  Slidt  4atheSy  where  the  cutting  is  Lathes  classified, 
principally  external  and  parallel,  or  nearly  so,  to  the  axis,  and  in 
which  the  sliding  of  the  rest  may  or  may  not  be  self-acting ;  Screiu^ 
cutting  lathes^  in  which  the  slide-rest  is  not  only  self-acting  but  which 
can  be  made  to  advance  automatically  at  any  desired  speed  parallel 
to  the  revolving  shaft ;  Surjacing-lathes^  in  which  the  slide-rest  is  self- 
acting,  not  only  for  sliding  along  but  across  the  face-plate,  these  lathes 
being  mostly  used  for  turning  across  the  axis  and  for  internal  turning 
or  boring;  Hand4athc5y{oi  small  and  light  operations,  worked  either  s^tpage'j^o. 
by  foot-treadle  or  by  steam-power,  in  which  the  tool  is  held  and  moved 
by  the  workman  instead  of  in  a  slide-rest;  Copying^lathes^  which  Sec4fagc^^\, 
reproduce,  more  or  less  automatically,  a  copy  or  pattern  presented 
for  imitation;    MiiltipL-latlu's^  where   two   or   more  similar  articles        «s.rA'AV74i. 

3  ^ 


f 


Stepagc^l^^ 
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placed  parallel  to  each  other  are  operated  on  simultaneously  by 
their  respective  tools,  all  guided  and  moved  by  the  same  power. 
There  are  numerous  other  lathes  made  for  special  purposes,  such  as 
lathes  for  railway  wheels,  for  oval  turning,  spherical  turning,  engine 
turning. 

The  size  or  capacity  of  a  Slide-lath:  is,  in  England,  stated  accord- 
ing to  that  distance  from  the  centre  of  the  mandril-head  to  the  face 
of  the  bed  which  determines  the  diameter  of  the  article  which  can 
be  admitted ;  and  lathes  are  designated  accordingly  as  lo-in.  lathes 
(admitting  an  article  20  inches  diameter  on  the  face-plate),  12-in. 
lathes,  and  so  on.     In  the  United  States,  lathes  are  rated  by  the 
diameter,  and  the  above  two  sizes  would  be  designated  as  ao-in.  and 
24-in.  lathes.     It  must  be  noted,  however,  that  the  radius  of  an 
article  which  is  to  revolve  between  the  centres  of  a  lathe  is  some 
inches  less  than  the  height  of  the  centres,  owing  to  the  thickness  of 
the  travelling  saddle,  which  for  the  sizes  mentioned  would  be  3  in. 
or  4  in.  respectively.     Among  the  various  modem  improvements  in 
slide-lathes,  increased  strength  has  been  given  to  the  mandril-head 
or  fixed  head-stock,  and  the  fixing  of  the  work  in  place  has  been 
expedited  by  well-contrived  chucks.     Self-acting  or  automatic  feeds 
for  moving  the  tool-holding  slide-rest  have  been  much  improved  by 
being  made  more  direct-acting  ;    and  special  tool-holders  and  shapes 
of  tool-steel  save  time  in  adjusting  and  working.     One  of  the  most 
ingenious  tool-holders  is  the  revolving  "  turret "  (sometimes  known 
in  England  as  the  "  capstan  "),  applied  most  frequently  to  6-in.,  8-in. 
and  lo-in.  lathes,  and  useful  where  the  article  under  treatment  has  to 
be  subjected  to  a  succession  of  operations  each  needing  a  different 
tool.     These  tools,  up  to  about  six  in  number,  are  so  fixed  and 
adjusted  in  the  turret  that  they  can,  by  an  instantaneous  revolving 
movement  of  the  latter,  be  brought  to  bear  on  the  article  in  proper 
sequence.     For  repetition  work  these  turret  lathes  allow  great  eco- 
nomy in  time  and  money,  as  the  constant  resetting  of  the  work  or  of 
a  different  tool,  as  in  an  ordinary  lathe,  is  avoided. 

Slide-lathes  can,  of  course,  be  used  as  surfacing-lathes,  so  far  as 
the  clearance  space  from  the  centre  to  the  bed  allows  room  for 
articles  of  a  certain  diameter,  and  this  space  may  be  increased  by  a 
gap  in  the  bed  at  or  near  the  head-stock.  In  some  cases  these  Gap- 
lathes^  as  they  are  called,  are  made  with  a  gap  to  open  and  shut  with 
a  screw  (the  bed  moving  back  on  a  planed  foundation-plate),  so  that 
articles  of  greater  brciulth  than  in  a  lathe  without  this  contrivance 


Part  II.] 


Machine  Tools,     Lathes, 


739 


acHj. 

Slidincr-gap 
lathes. 


Special 
slide' lathes. 


can  be  inserted.  Such  machines  are  known  in  England  as  sliding- 
gap  or  break  lathes,  and  they  are  seldom  used  except  in  small 
foctories  where  the  number  of  machines  is  limited  and  the  same 
lathe  is  applied  to  various  purposes. 

For  general  work  in  an  engineering  factory,  there  are  certain 
accustomed  sizes  of  lathes,  those  with  centres  of  from  6  in.  to  i8  in. 
being  the  most  common,  though  4J^-in.  and  5-in.  lathes  are  also  usual 
in  small  trades.  If  there  be  no  stipulation  to  the  contrary,  the  beds 
of  such  lathes  are  made  from  about  5  feet  long  for  a  5-in.  lathe,  to  Accustomed  siies. 
20  ft.  long  for  a  15-in.  lathe  ;  additional  length  involving  extra  cost. 
In  small  lathes,  the  size  and  therefore  the  power  of  the  cone  pulleys 
are  much  curtailed,  and  it  is  advisable  to  have  ample  strength  in  this 
respect.  A  6-in.  lathe  costs  from  ;^40  to  ;^6o ;  an  8-in.  lathe  ^^70 
to  ;£'ioo ;  a  lo-in.  lathe  ^^90  to  ;fr3o;  a  12-in.  lathe  ^^  120  to 
;^i6o;  a  15-in.  lathe  j^i8o  to  ^£^250 ;  and  an  i8-in.  lathe  about 

Slide-lathes  are  sometimes  made  for  particular  trades,  and,  being 
intended  always  for  the  same  class  of  work,  hare  more  facilities  for 
attaching  the  article  to  be  treated  and  for  operating  upon  it  than  is 
possible  in  those  lathes  which  are  intended  for  the  miscellaneous 
work  of  an  engineer's  factory.  Such,  for  instance,  are  the  lathes  for 
turning  both  journals  of  a  railway-axle  at  the  same  time,  the  axle 
being  held  or  chucked  in  the  middle ;  the  heavy  lathes  for  turning 
the  rolls  used  in  the  manufacture  of  bar  and  plate  iron,  or  in  the 
turning  of  crank-shafts  or  guns  of  the  largest  kind. 

Screw-cutting  lathes  dj^  an  amplification  of  the  ordinary  shde-lathe 
by  the  addition  to  them  of  variable  gear  (trains  of  wheels)  for  moving 
the  saddle  or  tool-holding  slide-rest  automatically  at  various  speeds, 
in  proportion  to  the  revolutions  of  the  spindle,  so  that  a  regular 
spiral  or  screw  of  any  desired  pitch  can  be  made ;  a  fully-equipped 
lathe  of  this  sort  having  generally  from  18  to  22  wheels  to  suit  every 
variety  of  pitch  of  screw.  These  lathes  are  used  when  necessary  as 
ordinary  turning  lathes,  but  if  the  screw  is  too  frequently  employed 
instead  of  the  rack  for  the  ordinary  traversing  of  the  saddle  or  rest, 
its  accuracy  and  pitch  are  liable  to  become  too  worn  for  their  real 
purpose  of  screw  cutting.  Screw-cutting  gear  adds  about  10  per 
cent,  to  the  cost  of  a  slide-lathe. 

Surfacing-lathes  are  those  in  which  the  article  to  be  operated  on 
is  affixed  only  to  the  face-plate  (which,  having  sliding  jaws,  forms  a 
chuck)  without  being  held  by  the  loose  head-stock  at  the  further  end 
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of  the  machine;  the  bed  of  the  lathe  not  rising  much  above  the 
ground,  and  being  used  only  for  the  slide-rest  which  holds  the  tools, 
and  for  attaching  the  article  to  be  operated  on.  Surfacing-lathes  are, 
as  the  name  implies,  principally  used  for  face  work  or  for  boring,  the 
tool  having  freer  scope  for  such  operations  than  when  a  central 
spindle  held  at  both  ends  is  employed.  As  the  bed  of  a  surfacing- 
lathe  may  be  quite  detached  from  the  head-stock,  there  is  no  limit  to 
the  depth  of  the  gap,  and  in  extreme  cases,  such  as  the  turning  and 
boring  of  a  fly-wheel,  or  the  roller  path  of  a  turn-table  or  swing-bridge, 
a  race  excavated  beneath  the  floor  allows  a  wheel  of  large  diameter 
to  revolve.  The  size  of  a  surfacing-lathe  is  generally  expressed  by 
the  height  of  the  head-stock  from  the  bed  (as  in  a  slide-lathe)  and 
the  diameter  of  the  face-plate.  A  face-lathe  with  lO-in.  head-stock 
and  face-plate  30  in.  diameter  costs  from  about  ;^i  00;  a  13-in.  lathe 
with  36-in.  face-plate,  about  ^130 ;  an  18-in.  lathe  with  60-in.  face- 
plate, about  ;^i6o.  Much  larger  lathes  are  used  in  the  manufacture 
of  marine  engines  and  other  heavy  work,  and  of  these  a  30-in.  lathe 
costs  about  ;^25o,  and  a  60-in.  lathe  about  ;^5oo.  Little  face-lathes 
without  a  slide-rest,  for  turning  small  articles  by  hand,  and  often 
useful  for  turning  wood  and  brass,  cost  from  ;^3o  to  ^^50.  In  most 
surfacing-lathes  there  are  two  slide-rests,  which  may  be  used  for 
making  two  cuts  on  the  same  surface  ;  or  one  may  be  used  for  facing 
while  the  other  is  boring  or  turning  the  same  article. 

In  selecting  lathes  for  an  engineering  factory,  much  depends  upon 
whether  the  amount  and  variety  of  work  are  large  enough  to  keep 
fully  employed  numerous  lathes,  each  suited  to  its  own  particular 
work.  In  a  small  factory  where  the  work  is  miscellaneous,  such 
special  machines  would  not  repay  their  cost,  and  it  is  better  to  have 
lathes  adapted  for  general  purposes.  For  example,  almost  every 
kind  of  moderate-sized  work  may  be  done  with  only  three  lathes, 
which  may  conveniently  be  6  in.,  12  in.  and  18  in.,  or  5  in.,  8  in. 
and  12  in.,  according  to  the  nature  of  the  trade  ;  and  their  general 
utility  may  be  increased  if  each  be  made  with  screw-cutting  gear, 
four-jawed  surfacing  plates,  and  with  an  opening  gap  to  adapt  it  for 
a  surfacing-lathe.  Si)eed-lathes  as  used  by  brass  turners  are  driven 
directly  by  a  belt  to  a  pulley  on  the  spindle,  but  engineers*  lathes  are 
driven  by  single  gear  for  the  smaller  sizes,  and  double  gear  up  to 
18-in.  lathes,  .while  treble  and  even  quadruple  gear  are  applied  to 
heavier  machines.  By  these  means  increased  power  may  be  appHed, 
according  to  the  heaviness  of  the  work. 
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To  allow  the  most  suitable  lathe  to  be  selected,  the  purchaser 
should  state  the  class  of  work  or  trade  on  which  the  machinery  is  to  be 
employed,  the  greatest  diameter  and  length  of  the  pieces  to  be  turned, 
and  whether  the  work  is  of  a  heavy  or  light  kind.  Although  the 
height  of  centres  and  length  of  the  bed  are  the  main  dimensions  by 
which  the  lathe  is  designated,  these  particulars  do  not  alone  allow 
the  proper  appraisement  of  value,  for  if  the  height  of  the  centre 
be  increased  (so  as  to  increase  the  nominal  capacity  of  the  lathe) 
without  increasing  the  strength  of  the  parts— as  in  the  competition  of 
trade  is  not  unfrequently  done  for  cheapness — the  bed,  head-stock 
and  other  important  parts  will  not  be  strong  enough  for  the  additional 
weight  which  the  size  of  the  article  throws  upon  them,  and  the  tool 
will  have  to  work  at  an  unprofitably  low  speed  or  depth  of  cut,  or  the 
lathe  will  be  unduly  strained  or  break. 

Wheel-lathes  are  used  for  turning  and  boring  railway  wheels,  and 
are  generally  made  with  two  slide-rests  to  operate  at  the  same  time 
on  a  pair  of  wheels  fixed  to  an  axle.  Sometimes  there  are  even  four 
slide-rests,  so  that  a  tool  can  operate  at  the  same  time  on  each  side 
of  each  wheel.  The  face-plates  can  be  made  to  revolve  at  the  same 
or  at  different  speeds,  so  that  a  wheel  may  be  turned  on  one,  while 
another  wheel  is  bored  on  the  other.  As  the  gauge  and  diameter 
of  railway  wheels  vary  only  within  moderate  limits,  every  part  of  the 
machine  can  be  made  exactly  for  the  purpose  in  view.  Lathes  of  this 
kind  are  also  employed  as  surfacing-lathes  for  boring  out  the  tire  for 
the  wheel  and  the  hole  for  the  axle.  Wheel-lathes  cost  from  ^^250 
to  ;^iooo,  and  weigh  from  8  to  40  tons,  the  heavier  and  more  ex- 
jX'nsive  kinds  being  very  powerful  for  turning  large  locomotive  wheels. 
Multiple-lathes  have  two  or  more  parallel  s[)ind]es,  and  are  made 
either  as  turning-lathes  or  surfacing-lathes.  They  are  chiefly  used  in 
those  trades  where  large  numbers  of  articles  have  to  be  made  precisely 
alike.  Thus  in  the  manufacturing  of  small  steam-engines  or  pumps, 
three  cylinders  or  three  pump-barrels  can  be  bored,  faced  or  turned 
at  one  operation ;  or  screw  cutting  effected  on  three  roils.  lathes 
of  this  sort  may  be  regarded  as  sjxicial  tools  ;  they  are  seldom  made 
except  for  some  particular  purpose,  for  which  they  are  specially 
designed,  and  cost  more  than  double  the  price  of  ordinary  lathes. 

Copyitig'lathes  are  those  in  which  the  shape  is  given  to  the  article 
operated  on,  by  coupling  the  rutting  tool  to  a  blunt  feeler  tool, 
which  follows  the  sha])e  of  an  iron  or  steel  pattern  revolving;  on  a 
parallel  axis  to  that  of  the  article  to  be  turned.      These  lathes  are 
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mostly  used  for  turning  in  wood,  oval  hammer  shafts,  wheel  spokes 
and  similar  articles. 

Special  lathes  are  made  for  the  various  smaller  industries  which  are 
subsidiary  to  the  engineering  trades.  Lathes  for  brass-finishers  are 
generally  made  of  very  simple  construction,  with  the  mandril  revolving 
at  a  higher  speed  than  is  usual  in  the  turning  of  iron  and  steel.  Lathes 
of  an  ingenious  and  rather  complicated  kind  are  made,  in  which  brass 
work  can  be  turned  and  bored  either  parallel  or  taper,  faced  and 
screwed,  without  removing  or  re-fixing  the  work.  Articles  can 
be  finished  in  these  lathes  to  gauge,  and  interchangeable,  at  a  lower 
cost  than  that  of  the  less  perfect  work  done  by  the  old-fashioned 
methods;  Lathes  for  oval,  spiral  and  other  ornamental  work  are 
also  made,  but  are  not  generally  employed  in  engineers'  workshops. 
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The  DriUing-machiney  as  one  of  the  rudimentary  and  necessary 
tools  of  the  metal-worker,  was,  like  the  lathe,  in  use  long  before  the 
introduction  of  steam-power.  The  different  kinds  may  be  classed  as 
hench,  wall^  pillar^  and  radial  drills,  besides  which  there  are  horizontal 
and  other  special  kinds ;  the  choice  among  these  different  machines 
depending  mainly  on  the  size,  shape  and  weight  of  the  article  to  be 
operated  on.  Bench  drills  are  small  machines  which  can  be  bolted 
down  to  a  work-bench  and  driven  either  by  hand  or  power.  Hand- 
machines  cost  from  jQ^  to  ;£^io,  and  are  often  used  in  small 
factories  where  there  is  no  steam-power  available,  or  on  temporary 
works.     Bench-machines  driven  by  power  cost  from  jQ^  to  £^0. 

Wall  drilling-machines  can  be  used  with  advantage  for  articles 
of  small  weight  and  size,  so  that  one  man  can  move  them  about  at 
the  machine,  and  by  its  attachment  to  the  wall  a  machine  of  this 
kind  is  more  easily  and  cheaply  steadied  than  a  pillar  drill  or  self- 
contained  machine;  and  it  occupies  less  room  in  the  workshop. 
But  when  articles  of  wide  and  irregular  shape  have  to  be  drilled,  the 
wall  would  in  many  cases  prove  an  obstruction,  by  hindering  the 
article  from  being  turned  about  and  brought  into  position  under 
the  drill,  and  for  heavy  work  the  wall,  unless  stiffened  with  buttresses, 
may  not  be  strong  enough.  It  is  for  cases  of  this  sort  that  the  self- 
contained  Pillar  drill  is  useful,  as  it  may  be  made  of  any  strength 
and  there  is  more  room  around  the  machine  within  which  to  move 
or  adjust  the  article.  The  distance  from  the  edge  of  a  casting  or 
other  article  at  which  a  hole  can  be  drilled,  obviously  is  limited  by 
the  distance  which  the   drill  i>ro}ects   from  the  framework  of  the 
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machine,  and  this  "  reach  of  centre  "  in  a  wall  or  pillar  drill  is  (like 
the  "depth  of  gap"  in  a  punching  machine)  one  of  the  leading 
points  deciding  the  capacity  and  usefulness  of  the  machine.  The 
wall  drill  and  pillar  drill  are  generally  similar  in  other  points  than 
that  which  their  name  signifies,  and  modem  improvements  in  detail 
have  been  made  in  both  alike.  Better  gearing,  adjusting-tables, 
ball  or  roller  thrust-bearings,  facilities  for  attaching  the  article  to  be 
drilled,  changes  of  speed  and  automatic  feed  in  the  advancing  cutting- 
motion  of  the  drill,  are  the  directions  in  which  such  machines  have 
been  improved,  all  these  points  acquiring  greater  importance  as  the 
diameter  of  the  holes  to  be  drilled  becomes  larger. 

The  capacity  of  a  drill  may  be  measured  or  stated  according  to  the 
distance  the  drill  centre  reaches  from  the  body  of  the  machine,  or,  in 
the  United  States,  by  the  diameter  of  the  article.  Thus,  a  drilling- 
machine  with  24  in.  reach  would  be  rated  as  a  48-in.  drill,  the  dia- 
meter and  the  depth  of  the  hole  which  it  will  drill,  and  the  kind 
of  gear.  The  diameter  and  depth  of  hole  that  can  be  drilled  have 
also  to  be  considered,  for  they  determine  most  other  points,  such  as 
the  diameter  of  spindle,  the  size  of  the  wheels  and  the  strength  and 
stiffness  of  the  framing  to  resist  the  upward  thrust  from  the  drill,  and 
also  whether  single  or  treble  gear  is  required.  Wall  or  pillar  drills  of 
the  kind  just  described  are  needed  even  in  the  smallest  engineering 
factory.  A  wall  machine  for  holes  up  to  ij  in.  diameter  costs  from 
jQ^S  to  JCS^  i  oi^c  ^or  holes  up  to  3  in.  diameter  from  £^0  to  jQdo; 
and  larger  sizes  up  to  ;£^ioo,  the  necessity  for  numerous  parts  and 
self-acting  apparatus  increasing  with  the  size  of  the  machine.  The 
above  prices  include  the  driving-pulleys  and  apparatus  by  which  the 
power  is  transmitted  from  the  main  shaft  of  the  workshop  to  the 
particular  machine.  Pillar  drills,  as  self-contained  machines  without 
the  need  for  wall  supports,  cost  generally  from  about  20  to  50  per 
cent,  more  than  the  wall  drills  of  like  capacity. 

The  introduction  of  the  Radial  drilling-machine  may  be  deemed 
the  most  important  improvement  in  machine  tools.  Till  that  time, 
large  castings  or  other  articles  which  were  too  wide  for  the  reach  of 
centre  of  an  ordinary  drill  or  too  heavy  to  be  conveniently  attached 
to  such  machines  had  to  be  drilled  by  hand ;  and  in  the  case  of  heavy 
articles  in  which  numerous  holes  had  to  be  drilled,  even  if  the  size 
and  weight  did  not  forbid  the  use  of  the  machine,  the  constant  moving 
and  adjustment  under  the  drill  for  each  hole  was  troublesome  and  ex- 
pensive.    In  a  radial  machine  the  drill  is  operated  from  a  projecting 
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arm  or  jib  which  swings  from  the  central  column  or  standard  of  the 
machine,  and  within  this  arm  the  power  is  transmitted  by  a  horizontal 
shaft  to  the  frame  containing  the  drill-spindle,  and  this  shaft,  having 
a  continuous  slot  or  key-groove  cut  in  it,  the  bevel  wheels  (generally 
mitre  or  45^)  upon  it  can  give  motion  equally  at  any  point  in  its 
length  to  the  wheels  on  the  drill-spindle.  The  swinging  arm  is  some- 
times arranged  to  move  vertically  on  the  framing  which  carries  it,  the 
motion  in  this  respect  and  the  transmission  of  power  being  effected 
on  a  vertical  slotted  shaft  in  the  same  manner  as  that  just  described 
for  the  horizontal  shaft  Not  only,  however,  does  the  far-reaching 
arm  of  the  machine  allow  holes  to  be  drilled  at  a  distance  from  the 
edge  of  the  article  far  greater  than  the  gap  of  an  ordinary  machine 
would  allow,  but,  as  the  drill  can  advance  or  recede  along  the  whole 
length  of  the  arm,  and,  when  the  arm  is  made  to  revolve,  command 
any  point  within  the  radius,  the  nuichine  is  particulariy  useful  in  those 
cases  where  numerous  holes  have  to  be  drilled  in  the  same  article, 
which  remains  stationary  while  the  radiating  arm  moves ;  and  the 
article  having  been  once  levelled,  any  number  of  holes  can  be  drilled 
perfectly  parallel  without  any  further  adjustment,  a  result  which  is 
hardly  to  be  attained  with  any  other  machine.  The  mechanism  of 
these  drilling-machines  has  been  greatly  improved,  the  various  move- 
ments of  lifting  or  lowering  the  jib,  of  traversing  the  drill-spindle 
along  the  jib  and  of  swinging  the  jib,  being  all  controlled  by  the 
workman  without  his  having  to  leave  his  place  by  the  drill.  The 
machines  should  tap  holes  as  well  as  drill  them. 

In  a  radial  drilling-machine  it  is  obvious  that  there  are  great 
strains  on  the  upright  framing  of  the  machine  from  the  leverage  of 
the  overhanging  arm  and  from  the  pressure  of  the  drill  transmitted 
through  it,  and  accordingly  the  connection  to  the  upright  framing 
must,  while  allowing  easy  movement^  be  very  firm.  The  foot  of  the 
stem-post  should  revolve  on  ball  or  roller  bearings.  As  the  drilling 
of  large  holes  is  apt  to  cause  vibration,  it  should  be  avoided  at  the 
extreme  radius  unless  the  jib  is  supported  at  the  outer  end  as  pre- 
sently described.  With  some  radial  machines,  large  base  plates  are 
provided  for  attaching  the  article  to  be  drilled,  but  for  operating  on 
heavy  castings  the  weight  of  the  article  itself  resting  on  the  ground 
affords  sufficient  stability  against  the  action  of  the  drill.  The  cost  of 
radial  drills  varies  according  to  the  size  and  capacity  of  the  machine, 
to  the  precise  arrangements  of  the  parts  and  to  the  extra  movements 
or  ac<  essory  apparatus  which  may  be  needed,  and,  of  course,  also 


Part  IL]     Machine  Tools.     Drilling-machines.         745 


Capacity  and 
speed. 


Special  drills. 


according  to  the  degree  of  finish  which  different  services  demand  or 

different  makers  provide.     The  speed  of  working  is  an  important 

consideration,  and  the  drilling  of  a  hole  i  in.  diameter  through  a  steel 

plate  I  in.  thick  in  one  minute  may  be  taken  as  a  fair  rate.     A 

machine  for  taking  in  an  article  4  ft.  high,  and  in  which  the  drill 

commands  a  space  of  4  ft.  radius  for  drilling  holes  up  to  2  in.  or  for 

boring  with  cutters  up  to  6  in.  diameter,  costs  from  ;£^i3o  to  ^150,    ^**JJP^®"  of  size 

while  a  machine  with  6  ft.  radius  and  for  boring  holes  up  to  8  in. 

diameter  costs  ;^2oo  to  j[^2t^Oy  such  machines,  for  instance,  being 

those  suited  for  an  average  engineering  works  or  locomotive  factory. 

Radial  machines  fixed  to  the  wall  and  commanding  therefore  only  a 

semi-circular  area,  cost  slightly  less  than  the  above.      Much  larger 

machines  are,  however,  constructed  for  use  in  marine-engine  factories 

or  wherever  the  articles  to  be  drilled  are  of  a  great  size.     The  radial 

arms  or  jibs  extend  12  ft.,  and  when  the  drill  is  working  at  the  end 

of  the  jib,  the  latter  is  supported  by  a  standard  temporarily  fitted 

upon  the  bed-plate,  and   having  within   it  a  vertical  groove  within 

which  the  end  of  the  jib  can  slide  up  and  down.     Machines  of  this 

sort  cost  from  ;£^4oo  to  ;£'5oo. 

Among  the  special  drilling-machines  contrived  for  particular  pur- 
poses or  trades  those  may  be  mentioned  which  drill  holes  in  other 
than  a  vertical  direction.  The  radial  machine  just  described  is 
sometimes  made  so  that  the  drill-holder  can  be  adjusted  at  any 
diagonal  angle.  Horizontal  fixed  machines  also  are  made  for  drilling 
the  flanges  of  pipes,  or  cylinders,  columns  and  screw  piles,  which  can- 
not conveniently  be  brought  within  the  operation  of  a  vertical  drill. 
For  the  horizontal  drilling  of  boiler  shells,  four  holes  may  be  drilled 
simultaneously. 

Multiple  drills  (several  drills  on  one  machine  operating  at  the 
same  time)  are  employed  where  a  large  number  of  holes  are  required 
in  regular  order  or  sequence,  such  a  multiplication  of  drills  allowing 
not  only  a  saving  of  expense  but — unless  a  large  number  of  machines 
were  employed — a  great  saving  in  time  also.  Such  cases  occur,  for 
instance,  in  wrought-iron  or  steel  girders,  if  drilled  rivet-holes  instead 
of  punched  holes  be  required.  Boiler-plates  in  like  manner  afford 
opportunities  for  multiple  drills ;  also  tubulous  boilers  or  the  tube- 
plates  of  tubular  boilers  or  surface-condensers.  As  in  work  of  these 
kinds  there  are  certain  usual  distances  apart  of  the  holes  (from  3  in 
to  6  in.  apart,  embracing  those  most  usual  and  useful)  there  is  repeti- 
tion enough  to  render  the  construction  of  special   tools  profitable. 
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Multiple  drills  have  been  designed  in  various  ways,  partly  to  meet 
varying  necessities  and  partly  because  of  differences  in  method.  For 
girder-work  the  general  arrangement  resembles  that  of  a  planing- 
machine,  the  table  on  which  the  article  to  be  drilled  is  placed  moving 
between  a  transverse  framework  carrying  the  drills.  The  drilling- 
spindles  are  generally  ranged  in  line  across  the  machine,  and  are 
operated  from  one  shaft  either  by  a  screw  and  worm-wheels  or  by 
bevel  gear.  The  precise  methods  of  working  differ  considerably,  and 
some  machines  offer  more  facilities  than  others  for  quickly  adjusting 
or  disengaging  the  drills.  In  all  machines  the  pitch  or  distance  apart 
of  the  holes  can  be  varied  within  certain  limits,  the  distance  depend- 
ing on  the  width  of  the  tool-holder,  the  maximum  distance  being  only 
limited  by  the  width  between  the  standards.  If,  as  in  a  girder  plate, 
six  rows  of  holes  have  to  be  drilled  to  a  pitch  of  4  inches,  six  drills 
work  side  by  side,  and  the  moving  table  moves  forward  4  inches  from 
time  to  time.  A  pitch  of  3^  in.  is  the  minimum  to  which  these  drills 
can  be  applied.  If  a  single  row  of  holes  only  is  required,  as  in  a  bar, 
then  it  is  endeavoured  to  utilise  as  many  drills  as  possible  by  placing 
numerous  bars  side  by  side.  Time  is  saved  by  placing  numerous 
plates  upon  one  another,  and  drilling  through  all  the  thicknesses  at 
one  operation.  In  such  a  case  one  plate  may  with  advantage  be 
drilled  first  and  placed  at  the  top  and  used  as  a  template  or  guide  for 
the  drill,  no  spacing  or  marking  of  the  lower  plates  being  then 
necessary.  The  drilling  through  numerous  thicknesses  not  only 
increases  the  effective  service  of  the  machine  but  ensures  accuracy 
of  work  where  two  or  more  plates  have — as  often  happens  in  girder- 
work — to  be  riveted  together,  for,  when  each  plate  is  drilled  or 
punched  separately,  it  is  impossible,  even  with  the  greatest  care,  that 
the  holes  shall  absolutely  coincide.  Multiple  drilling-machines  may 
be  driven  by  belting  in  the  ordinary  way,  and  such  machines  cost 
Examples  of  cost,  from  ;£'ioo  to  ;£'4oo  each,  and  weigh  from  2  to  12  tons,  but  it  is 

often  convenient  to  make  the  machine  independent  of  the  general 
running  shaft  and  to  attach  a  small  steam-engine  or  electric  driver  to 
the  machine ;  an  additional  cost  being  then  incurred  of  about  £,^0, 
Special  machines  are  made  to  drill  horizontally  the  rivet  holes  in  boiler 
shells  or  flues  while  hanging  vertically  before  the  machine. 

Multiple  drills,  as  above  described,  have  been  largely  superseded 
by  a  group  of  radial  machines  which  command  a  wide  area  and 
allow  numerous  drills  to  be  used  at  the  same  time  on  one  piece 
of  work.      Portable  multiple  drills  have  been  devised  for  drilling 
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Drill-potts. 


the  main  booms  or  members  of  girders  when  erected  in  place,  the 
various  thicknesses  of  steel  that  have  to  be  united*  not  having  till 
then  been  placed  together,  so  that  the  drills  can  pierce  through 
all  in  the  manner  considered  desirable  for  ensuring  the  desired  co- 
incidence of  the  holes.  Drills  of  this  sort  to  be  serviceable  must  be 
strong,  and  they  cost  about  ^300,  but  have  not  been  very  widely 
adopted. 

Drilling  has  often  to  be  performed  in  situations  inaccessible  to  any 
of  the  machines  just  described,  and  in  such  cases  it  has  been  usual  to 
fix  a  "  drill-post "  or  light  frame  on  or  near  the  article  to  be  drilled, 
and  by  means  of  a  ratchet  or  swing  brace  attached  to  th6  post  to  work 
by  hand :  such  process,  however,  being  tedious  and  expensive.  The 
necessity  for  manual  work  of  this  kind  has  for  the  great  majority  of 
cases  been  rendered  unnecessary,  for  by  an  ingenious  invention  the 
power  from  the  main  shaft  of  the  workshop  can  be  transmitted  at 
any  angle  and  to  a  varying  distance  to  a  drill-post  where  the  drill 
(adjusted  and  controlled  by  the  workman  as  with  the  ordinary  hand- 
drill)  operates  with  all  the  advantages  of  mechanical  as  compared 
with  manual  power.  But  the  best  application  is  that  in  which  the 
drill-post  is  equipped  somewhat  like  the  arm  of  a  radial  drill  with 
a  traversing  screw  and  feed  gear,  so  that  when  the  post  is  clamped 
to  the  work,  all  the  advantages  of  a  drilling-machine  are  obtained. 
Instead  of  a  belt,  a  hempen  or  cotton  rope  is  used  to  transmit  power 
to  the  machine,  and  the  pulleys  over  which  the  rope  runs  being  made 
to  revolve  on  a  swivelled  frame,  the  running  rope  can  be  taken  in  any 
direction.  The  tightness  of  rope  necessary  to  transmit  the  power  Mode  of  working, 
is  obtained,  not  as  with  a  belt  by  making  and  maintaining  the  rope 
of  an  exact  length,  but  by  suspending  to  it  a  weight.  It  will  be  seen, 
therefore,  that  according  as  the  drill-post,  with  the  power-receiving 
pulley  round  which  the  rope  runs,  is  more  or  less  distant  from  the 
power-giving  pulley,  the  weight  rises  or  falls,  always  putting  a  sufficient 
strain  upon  the  rope.  During  the  drilling  of  large  holes  the  weight  can 
be  increased  to  prevent  the  rope  slipping  upon  the  pulley.  A  complete 
apparatus,  including  the  drill-post  with  the  necessary  gear,  costs  from 
^35  to  ;^5o,  the  novelty  consisting  in  the  swivelled  pulley-frame 
and  suspended  weight. 

The  machine  just  described  is  of  course  only  applicable  in  cases 
where  no  obstacle  interposes  between  the  power-giving  shaft  and  the 
drill-post,  although,  if  the  occasion  were  of  sufficient  importance  to 
warrant  the  construction  of  the  necessary  pulley-apparatus,  the  roixjs 
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need  not  move  in  one  direct  line,  but  might  be  conducted  round 
corners.  But  it  is  obvious  that  there  are  many  parts  and  angles  of 
ironwork  or  machinery  in  course  of  construction  where  hofes  are 
needed  quite  inaccessible  to  such  an  apparatus,  and  hand-drilling 
seems  the  only  resource.  But  by  the  use  of  "  flexible  shafts  "  power 
can  be  transmitted  round  comers  in  a  manner  which  appears  re- 
markable. It  has  been  discovered  that  by  a  peculiar  arrangement 
of  spiral  wires,  held  together  in  a  tube  or  sheath  of  leather,  a  revolving 
motion  can  be  transmitted  a  considerable  distance  with  very  little 
friction,  even  although  the  shaft  or  axis  be  turned  or  twisted  in 
several  directions.  Thus,  such  a  flexible  shaft  can  be  taken  in  at  the 
manhole  of  a  boiler  to  a  drill  working  at  a  remote  comer,  or  to  places 
as  apparently  inaccessible.  The  complete  apparatus,  including  8  feet 
of  shaft,  costs  from  jQio  to  ;£"3o. 

The  small  machines  just  described  have  been  to  some  extent 
superseded  by  electric  machines.  For  where  an  electric  transmission 
system  has  been  established  in  a  factory,  great  facilities  are  afforded 
by  it  for  the  use  of  portable  drills.  Machines  in  which  a  small 
electric  motor  or  "  driver  '*  is  attached  to  the  drill-spindle  can  be 
moved  from  place  to  place  on  the  side  of  a  ship  under  construction, 
or  of  a  bridge  in  the  building  yard,  the  power  being  transmitted  by 
.a  light  flexible  conductor.  The  driller  is  held  to  its  work  by  electro- 
magnets, and  needs  no  mechanical  attachment. 

The  economy  and  usefulness  of  a  drilling-machine  depends  greatly 
upon  its  speed  and  on  the  suitability  of  the  drills  which  do  the  work. 
Vertical  spindles  should  be  so  balanced  as  to  put  no  undue  pressure 
on  the  tool  as  the  hole  approaches  completion  and  so  that  it  will  run 
back  quickly  and  easily  when  the  hole  is  finished.  The  vertical 
thrust  of  the  drill-spindle  should  be  taken  on  ball  bearings.  A  useful 
accessory  to  drilling-machines  of  all  kinds  is  afforded  by  the  Twist- 
drilly  which  may  be  considered  as  one  of  the  most  valuable  minor 
inventions  which  have  been  introduced  in  machine  tools.  It  is 
superior  to  the  ordinary  drill  in  that,  instead  of  being  smaller  above 
its  point,  it  is  parallel  its  entire  length,  and  therefore  it  forms  a  correct 
guide  for  itself  to  bore  a  straight  hole,  and  for  the  same  reason  it  is 
the  best  adapted  of  any  form  of  drill  for  running  in  the  holes  of  a 
previously  drilled  template,  which  will  guide  it  through  a  succession 
of  plates  so  as  to  make  them  exact  counterparts  of  the  template. 
The  twist-drill  cuts  out  the  substance  as  a  shaving,  which  escapes 
through  the  spiral  groove ;  and  it  maintains  its  diameter  to  the  end. 
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The  twist-drills,  however,  demand  special  skill  in  their  manufacture, 
and  cannot,  like  ordinary  drills,  always  be  made  by  the  users.     The 
points  are  tender,  and  it  is  important  that  the  drill-spindle  in  which 
they  are  used  should   be    balanced   or  counterweighted  as  above 
described,  so  that  there  may  be  no  drop  when  the  drill  begins  to 
break  through  the  bottom  of  the  hole.     It  is  essential  that  the  drills 
shall  be  ground  quite  truly,  and  special  grinding-raachines  are  some- 
times used  for  this  purpose,  a  usual  plan  being  to  cut  the  spiral 
grooves  with  a  milling-machine.     It  is  also  very  important  that  the 
drills  shall  nm  truly,  and  to  ensure  this,  the  shanks  of  the  drills  are 
turned  taper  round  (a  taper  of  i  in  20  is  most  effective)  to  fit  exactly 
into  a  conical  socket-hole.     By  this  arrangement  the  point  of  the  drill 
revolves  truly  in  the  same  axis  as  the  spindle ;  the  drill  can  be  quickly 
put  in  and  taken  out  of  the  machine  ;  and  drilling  can  be  much  more 
quickly  performed  than  with  ordinary  drills.     But  while  the  twist- 
drills  ensure  quick  and  accurate  drilling  in  the  manufacture  of  such 
exact  works  as  engines  and  machinery,  some  users  find  a  simple  drill, 
aided  by  a  w^ater  jet,  effective  for  such  drilling  as  is  required  in  girders 
or  boiler-plates.     These  drills  are  of  a  form  which  allows  the  shavings 
of  metal  to  escape,  and  by  means  of  a  small  tube,  a  jet  of  water  in 
fine  spray  is  ejected  on  to  and  around  the  point  of  the  drill.     The 
water  should  have  a  pressure  of  not  less  than  50  lbs.  per  square  inch, 
and  if  this  be  not  obtainable  from  an  existing  water-main  or  pipe,  a 
small  pump  (worked  by  the  shafting  of  the  drilling-machine  itselQ 
should  be  provided  for  the  purpose. 

Gauges  are  principally  used  for  the  best  class  of  drilling,  and 
the  workman  is  no  longer  allowed  to  regulate  the  size  of  his  drill 
and  test  its  operation  merely  by  the  callipers  and  measuring-rule. 
Standard  plug-gauges  of  great  exactitude  are  obtainable,  and  are 
specially  essential  where  repetition  or  interchangeable  parts  are  manu- 
factured. 

Although  holes  may  be  drilled  with  great  exactitude  by  the 
machines  which  have  been  described,  other  processes  are  necessary 
for  a  bore  of  large  diameter,  and  also  where  large  holes  have  not  to 
penetrate  right  through  the  substance  operated  on.  Much  boring  is 
effected  on  the  chuck  of  a  surface-lathe,  and  with  a  cutting- tool 
worked  from  an  ordinary  slide-rest  the  operation  may  be  classed  as 
internal  turning,  as  the  tool  is  stationary  while  the  article  to  be  bored 
revolves.  Another  kind  of  boring  is  that  in  which  the  article  is 
fixed  on  the  lathe-bed  or  boring-mill,  and  a  mandril  or  boring-bar. 
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held  only  at  one  end  by  the  chuck,  enters  as  far  as  needful,  the 
mandril  with  a  cutting-tool  upon  it  travelling  forward,  or  the  tool 
moving  along  the  mandril  by  a  self-acting  arrangement.  Such  a 
method  is  useful  for  boring  large  or  heavy  castings  which  cannot 
Mode  of  working,  conveniently  be  attached  to  a  revolving  chuck.     Where  however  the 

hole  passes  right  through  a  long  casting  it  has  been  deemed  preferable 
to  use  a  boring-bar  or  mandril,  supported  at  both  ends ;  and  so  con- 
venient is  this  method  that  a  hole  right  through  the  casting  is  some- 
times made  temporarily  (and  afterwards  plugged  up),  even  where  the 
bored  hole  is  limited  only  to  a  portion  of  the  length.  Resembling 
lathes  in  many  respects,  machines  devoted  to  this  special  purpose  are 
known  as  Boring'Tncuhines  or  Boring-mills^  and  are  used  for  boring 
out  steam  cylinders,  pump  barrels,  and  other  similar  articles,  the 
interiors  of  which,  already  approximately  correct  from  the  foundry 
mould,  have  to  be  bored  truly  cylindrical,  an  operation  more  con- 
veniently effected  in  a  special  machine  than  in  an  ordinary  lathe, 
although  the  latter  can  be  generally  used  if  desired.  Boring-machines 
range  from  lo  to  20  ft.  long,  and  have  a  bed  and  head-stock  some- 
what like  those  of  a  lathe.  The  cylinder  to  be  bored  is  adjusted  on 
the  bed-plate,  to  which  it  is  firmly  fixed,  and  the  boring-bar  or  rod  of 
the  machine — in  effect  a  large  mandril — passes  right  through  it. 
Upon  the  rod  is  a  disc-shaped  tool-holder  with  one  or  more  project- 
ing cutters,  and  as  the  bar  revolves  and  the  cutters  operate,  the  disc 
is  made  to  advance  by  a  screw  within  the  bar,  till  the  cutters  have 
bored  out  the  entire  length  of  the  cylinder.  The  desired  smoothness 
of  surface  is  given  either  by  a  succession  of  operations  or  by  placing 
two  or  more  tools  on  the  travelling  disc,  so  that  following  close  behind 
each  other,  two,  or  perhaps  three,  cuts  are  given  at  the  same  time. 
The  boring  of  large  cylinders  sometimes  occupies  many  days,  and  it 
is  not  unusual  for  the  machine  to  be  kept  in  operation  without  any 
stoppage  till  the  work  is  completed.  In  a  boring-machine  of  the 
kind  just  described  there  is  a  longitudinal  or  "  end-on  "  pressure  of 
the  bar  against  the  head-stock,  and  during  a  heavy  cut,  unless  this 
pressure  is  received  on  ball  bearings,  the  friction  is  excessive  and  the 
bearing  place  is  with  difficulty  kept  cool  and  lubricated.  Boring- 
machines,  such  as  are  used  in  an  engineer's  factory,  range  in  price 
from  ;^i5o  to  ;^3oo.  Vertical  machines  of  great  power  are  em- 
ployed to  bore  out  large  marine  cylinders,  and  such  machines  cost 
more  than  horizontal  machines. 

It  is  an  objection  to  large  machines  of  the  kind  just  dcsc  ribed, 
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that  the  mandril  or  boring-bar  is  apt  to  bend  slightly  under  the 
strain  of  a  heavy  cut,  the  bore  under  such  circumstances  not  being 
quite  parallel.  To  meet  this  difficulty  the  "  snout "  machine  has 
been  contrived  in  which  the  boring  bar  is  held  in  solid  bearings. 


9x4. 
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The  introduction  of  the  Planing^mcuhine  was  the  first  in  a  series 
of  inventions  which  have  since  furnished  to  the  manufacturing 
engineer  entirely  new  kinds  of  tools.  Till  that  period,  surfacing 
which  could  not  be  performed  in  the  lathe  had  to  be  laboriously 
effected  with  the  chisel,  file,  and  scraper  ;  the  facing  of  slide-valves 
and  similar  work  by  these  means  occupying  much  of  the  time  of  the 
best  mechanics,  and  was  even  considered  a  leading  test  of  their  skill. 
In  almost  all  planing-machines  the  tool  is  fixed,  and  the  article  to  be 
planed  travels,  and  in  the  earlier  machines  the  motion  was  given  to 
the  table  by  a  rack  and  pinion.  The  alternative  method  of  a  quickly- 
running  screw  was  introduced  later;  and  subsequently  a  combina- 
tion of  rack  with  worm-wheel  was  considered  most  effective.  A 
cutting  sp)eed  of  ao  feet  per  minute  may  be  maintained  with  well- 
made  machines  and  continuous  lubrication,  and  with  single-acting 
machines  the  return  speed  should  be  60  feet  per  minute.  The 
power  absorbed  by  such  a  return  motion,  is,  however,  double  that 
needed  for  the  cutting,  and  a  better  effect  is  obtained  by  using  double 
tool  holders,  by  which  an  effective  cut  can  be  taken  on  the  backward 
as  well  as  the  forward  stroke  of  the  machine.  There  are  different 
modes  of  effecting  this,  and  assuming  that  a  planing-machine  is  well 
designed  in  all  other  respects,  its  output  capacity  or  earning  power 
depends  on  the  proper  disposition  of  the  cutting-tools  and  tool- 
holders.  Great  ingenuity  has  been  displayed  in  this  direction,  and 
up  to  the  year  1898  it  may  be  said  that  the  arrangement  of  two 
cylindrical  fulcrum  tool-holders  in  one  box  is  most  effective  for 
general  engineer's  work. 

The  capacity  of  a  planing-machine  is  stated  by  the  dimensions, 
which  are  those  of  the  width  between  the  uprights,  the  height  below 
the  saddle,  and  the  length  of  the  tables ;  these  dimensions,  of  course, 
determining  the  size  of  the  article  that  can  be  brought  within  the 
operation  of  the  machine.  Thus  a  machine  will  be  designated  as 
3  ft.  by  3  ft.  by  10  ft.  long.  The  length  of  the  article  is  not,  however, 
bounded  by  the  length  of  the  table,  as  it  can  be  made  to  overhang 
it,  and,  if  the  length  require  it,  be  supported  on  rollers  or  trestles. 
To  allow  this,  ample  floor-space  should  be  provided  at  each  end  of 
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planing-machines,  and  if  the  workshop  be  otherwise  too  small,  doors 
are  generally  provided  so  that  long  pieces  can  project  beyond  the 
workshop,  thus  giving  full  scoi)e  to  the  travelling  table  and  its 
contents.  The  machines  referred  to  below  for  planing  the  edges  of 
girder-plates  or  boiler-plates  afford  an  example  of  this  method. 

The  great  proportion  of  the  planing-machines  used  in  engineering 
factories  range  inside  from  5  ft.  long  by  2  ft.  wide  by  a  ft.  high,  costing 

Examples  of  coat,  from  JT^K^Q  to  ;;fi30,  to  those  which  are  20  ft.  long  by  8  ft.  wide 

by  8  ft.  high,  costing  from  J[,^oo  to  ;^iooo.  Between  these  limits 
machines  of  all  sizes  can  be  obtained,  although  each  maker  has 
patterns  of  precise  sizes  which  he  prefers  to  supply.  Sizes  both 
smaller  and  larger  than  the  above  are  occasionally  made,  but  small 
planing-machines  have  been  generally  superseded  by  the  more 
modem  shaping-machines.  It  is  most  important  that  ])kining- 
machines  be  strongly  and  accurately  made  and  solidly  fixed,  for 
while  yielding  or  inequality  will,  in  any  machine,  involve  risk  of 
untrue  work,  such  risks  are  in  a  planing-machine  increased  by  the 
number  of  jointings  and  moving  parts  which  interpose  between  the 
levelled  base  of  the  machine  and  the  cutting-tool. 

Planing  machines  can  be  adapted  by  special  arrangements  for 
concave  or  convex  work,  and  by  means  of  templates,  which  give  a 
transverse  or  vertical  movement  to  the  tool  as  the  table  advances, 
varying  curves  can  be  produced ;  this  latter  operation  being,  for 
instance,  often  required  in  the  planing  of  armour-plates  for  war-ships. 
A  special  kind  of  planing-machine  is  used  by  bridge-builders  and 
boiler-makers  for  cutting  the  edges  of  plates  (several  plates  being 
generally  clamped  together  and  operated  on  at  the  same  time),  and 
these  machines  are  generally  arranged  with  double  tool-holders,  so 
that  a  tool  is  in  operation  both  in  the  forward  and  backward 
movement.  Hydraulic  holding-down  "  jacks "  form  a  convenient 
adjunct  to  these  machines,  which  with  such  facilities  can  be  made  to 
plane  plates  as  long  as  30  ft.  which  may  be  buckled  or  bent.  It  is, 
of  course,  necessary  that  the  maximum  sizes  to  be  operated  on  be 
known  to  the  maker ;  for  if  necessary,  by  a  different  construction 
of  the  machine,  the  plates  can  be  then  passed  forward  and  a  second 
30  ft.  planed  in  a  continuous  length.  In  some  cases  by  this  arrange- 
ment a  shorter  machine  may  be  used  for  general  work,  as  the 
effective  length  of  the  machine  can  be  doubled  or  trebled.  A  cost 
of  from  ;^20o  to  ^400  will  embrace  the  great  variety  of  i)late-edge 
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Shaping- 
machines. 


How  employed. 


horizontal  movement  for  operating  on  large  masses,  are  made  chiefly 
for  the  use  of  marine  engineers,  but  as  in  these  machines  the  tool 
and  not  the  article  operated  on  travels,  they  may  be  more  correctly 
classed  as  slotting  or  shaping-machines ;  the  space  occupied  is  much 
less  than  in  horizontal  machines,  and  big  work  is  set  more  cheaply. 

The  Shaping-machine  was  an  outcome  of  the  slotting-machine  and 
planing-machine,  and  may  be  considered,  if  not  a  final  triumph  of 
ingenuity,  yet  as  filling  the  want  long  left  unsatisfied  by  the  other 
machine  tools,  the  chief  utility  and  labour-saving  of  the  shaping- 
machine  being  shown  by  its  operating  in  positions  inaccessible  to 
the  lathe  and  ordinary  planing-machine.  Long  after  slide  and  face- 
lathes  had  been  brought  to  a  high  state  of  efficiency,  much  im- 
portant work  had  to  be  left  to  expensive  hand-labour ;  but  there  are 
now  few  parts  of  a  steam-engine  which  cannot  be  operated  on  by 
machinery.  Such  awkward  shapes  as  a  cross-head,  a  curved  link,  or 
the  open-jawed  end  of  a  rod,  can  be  pared  and  shaped  over  the  entire 
surface  by  the  machine  tool.     Where  a  curved  article  has  to  be  cut,  wiU  cut  awkward 

^  shapes. 

the  article  can — if  the  radius  be  within  the  compass  of  the  machine — 
be  fixed  on  a  central  table  or  on  a  central  arbor  or  mandril  inde- 
pendent of  the  table,  which  is  made  to  revolve  automatically,  so  as 
to  press  forward  the  article  the  thickness  of  one  cut  at  each  stroke, 
against  the  tool  held  in  a  moving  arm.  In  this  way  incomplete 
circles  to  which  the  lathe  cannot  be  applied  are  cut,  and  sometimes 
the  machines  are  made  with  two  tables  and  two  moving  arms. 
Circular  work  has  been  facilitated,  both  on  slotting  and  shaping- 
machines,  by  adding  a  dividing  apparatus  to  the  table,  so  that  the 
teeth  of  wheels  can  be  accurately  cut  from  the  solid,  as  is  done  in  a 
wheel-cutting  machine.  Shaping-machines  are  generally  made  with 
a  horizontal  movement,  the  name  of  slotting-machine  being  retained 
for  those  with  vertical  movement.  Shaping-machines  are  generally 
classed  among  the  smaller  tools  of  an  engineering  factory,  although 
large  ones  may  be  made  for  special  purposes.  A  range  of  price  from 
£S^  to  ;;£^20o  will  cmbracc  nine-tenths  of  all  that  are  made. 


Circular  work. 


Cost. 


Slotfing-machines  may  have  a  vertical  motion  only,  and  might  be 
described  as  shaping-machines  placed  on  end,  as  the  tool  and  not  the 
article  to  be  operated  on  moves.  Slotting-machines  can  be  either 
attached  to  the  wall  of  the  factory  or  made  independent ;  they  are 
employed  for  cutting  key-ways,  or  for  cutting  out  masses  of  metal,  as 
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in  crank-shafts  ;  and  they  are  thus  uSeful  for  many  operations  inacces- 
sible to  the  drill,  lathe  or  planing-machine.  They  are  made  of  all 
sizes  up  to  the  massive  machines  with  a  maximum  stroke  of  1 5  ft., 
used  by  marine  engineers,  costing  sometimes  as  much  as  ^^2000 ; 
but  for  ordinary  engineers*  wotk  the  cost  of  slotting-machines  ranges 
from  £t^o  to  ;^5oo. 

For  heavy  cuts,  the  slotting-machine  is  preferable  to  the  shaping- 
machine,  as  in  the  latter  the  cutting-tool  presses  the  work  away 
from  the  bed  Information  as  to  the  nature  of  the  trade,  and  the 
size  of  the  pieces  to  be  operated  on,  is  necessary  to  a  proper  choice 
of  planing,  slotting  or  shaping-machines.  These  machines  resemble 
each  other  in  that  the  lengtb  of  traverse  can  be  varied,  and  that  the 
return  stroke  is  quicker  than  the  forward  or  cutting  stroke. 


Substitute  for 
shaping- 
macnines. 


Milling-machines.         MUltng-machines^  in  which  metals  are  operated  upon  by  serrated 

rotary  cutters,  work  more  effectually  and  cheaply  in  certain  cases 
than  shaping  or  slotting-machines.  Milling-machines  are  used  for 
cutting  spiral  or  straight  grooves  or  notches,  and  when  these  are  of 

Revolving  cutters,  moderate   size,  a  revolving  tool  will,  as  it  advances,  cut  away  the 

entire  width.  The  kind  of  work  to  which  these  machines  are  applied 
may  be  exemplified  by  the  cutting  of  slots  in  hinges  or  the  teeth 
of  wheels  or  the  key-ways  in  shafts;  and  in  the  manufacture  of 
small-arms,  clocks  and  watches,  milling-machines  are  indispensable. 
Although  used  principally  for  small  operations  of  this  kind,  special 
milling-tools  have  been  made  for  cutting  out  the  slots  of  locomotive 
crank-shafts,  and  it  is  applied  with  success  as  a  substitute  for  the 
planing-machine  in  cutting  level  surfaces  of  moderate  area ;  but  the 
use  of  milling-machines  for  cutting  large  surfaces  is  of  doubtful 
advantage.  Where  milling-machines  take  the  place  of  small  shaping- 
machines,  the  spindle  carrying  the  serrated  cutter  is  linked  to  a 
parallel  spindle  having  a  blunt  or  feeler  tool  working  against  a 
pattern  of  the  article  to  be  made,  and  after  the  manner  of  a  copy- 
ing-tool, the  cutter  follows  automatically  the  form  of  the  pattern, 
and  bites  away  the  metal  more  quickly  than  by  the  repeated  cuts 
of  the  tool  of  an  ordinary  shaping-machine.  Revolving  discs  with 
loose  adjustable  cutters,  or  which  may  be  designated  as  cutters  with 
inserted  teeth,  can  be  used  in  the  milling-machine  for  certain  opera- 
tions with  greater  advantage  for  large  work  where  the  ordinary 
serrated  cutter  is  costly  to  make  and  maintain ;  though  these  might 
even   be   designated   as   revolving   planers.     Milling- machines   cost 
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frora  ^loo  to  ;£^5oo,  according  to  size  and  to  the  nilmber  or  variety 
of  accessories. 

Milling-machines  show  to  the  best  advantage  in  repetition  qpera- 
tions  and  in  the  similarity  of  the  work  produced,  as  the  width  of  cut 
does  not  depend  on  the  action  of  the  workman.  The  making,  harden- 
ing and  tempering  of  the  serrated  cutters  together  form  one  of  the 
principal  expenses  in  the  working  of  these  machines  ;  but  the  cutters 
can  be  made  by  the  ordinary  skilled  workmen  of  an  engineering  factory, 
and  many  of  them  may  be  shaped  .by  the  milling-machine  itself. 


Useftil  for 
repetition  work. 


Efntry-whed  ^indin^-tools  are  used  with  great  advantage  instead 
of  cutting  tools  in  many  operations  where  a  smooth,  but  not  art 
absolutely  true,  surface  is  desired.  Thus  emery-wheels  while  mostly 
used  for  feding  or  trimming  small  castings,  dressing  forgings,  clean- 
ing wheel-teeth  and  for  sharpening  saws,  are  also  employed  with 
advantage  for  making  true  the  joint  faces  of  castings  which  are 
too  light  to  endure  chipping  or  even  planing.  For  grinding  and 
sharpening  various  kinds  Of  knives  and  cutting-tools,  the  emery- 
wheel  may  in  some  cases  be  substituted  with  advantage  for  the  grind- 
stone. The  emery-wheel  will  also  finish  the  surface  of  chilled 
castings,  or  case-hardened  ironwork  or  tempered  steel  which  are  too 
hard  for  the  file.  The  machines  in  form  somewhat  resemble  a  lathe, 
having  like  it  an  iron  bed  or  framing  (but  much  shorter  than  a  lathe 
bed),  with  a  horizontal  shaft,  upon  which  is  fixed  the  emery-wheel  or 
disc ;  but  there  are  numerous  varieties  in  the. form  of  machine  ;  many 
are  made  for  special  purposes,  and  some  are  automatic  in  their  action. 
The  emery  discs  or  wheels  are  made  of  a  peculiar  composition,  so 
that  they  wear  slowly  -and  equally,  and  are  of  various  diameters, 
from  J  in.  to  36  in.,  and  of  thickness  to  suit  the  nature  of  the  work 
or  shape  to  be  produced.  The  discs  run  at  a  high  velocity  (from 
5000  to  7QOO  periphery  feet  per  minute  being  usual  speeds),  and  cut 
away  the  metal  presented  to  them  very  quickly.  For  most  purposes 
the  discs  work  dry,  but  for  tool-grinding  and  similar  operations  they 
revolve  in  a  trough  of  water.  The  emery-wheel  is  useful  in  many 
cases  for  giving  a  smooth  surface  to  articles — such  as  thin  pulleys — 
too  light  to  endure  the  pressure  of  a  cutting-tool  in  a  lathe  ;  and  as 
preparatory  to  or  as  a  substitute  for  the  finish  of  a  file  it  saves  much 
exiHinse  in  hand-labour.  The  simple  machines  cost  from  ^^3  to  ;;^3o 
each  ;  but  the  more  elaborate  machines  of  larger  size,  with  slide- rests 
and  other  adjuncts,  range  in   price  from  ^30  to  Jyio  each.     Tlie 

3  c  2 


2t- 

Emerv-wheel 
^rinding-tools. 


How  employed. 


Emery  discs. 


Size  and  velocity. 


756 


Matheson's  Aid  Book. 


[Chap.  XXV. 


How  used  by 
engineers. 


emery-discs  weigh  from  \  lb.  up  to  600  lbs.  each,  and  cost  from 
about  IS.  per  lb.  for  large  sizes,  up  to  about  2s,  per  lb.  for  very  small 
sizes.  Although  in  the  majority  of  cases  very  great  mechanical 
accuracy  is  not  attempted,  emery-machines  are  occasionally  used  for 
very  exact  work,  such  as  the  slide-bars  of  horizontal  engines,  or  other 
work  that  has  to  be  made  true  after  it  has  been  hardened  by  heating 
and  quenching.  For  work  of  this  sort  the  machine  with  its  appur- 
tenances will  weigh  from  5  to  10  tons,  and  be  necessarily  much  more 
costly  than  those  described  above. 


Screwing* 
machines. 


Standard  thread. 
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and  cost. 


Screwing  and  tapping-machines  are  necessary  tools  in  an  engineer- 
ing factory,  for  although  the  manufacture  of  bolts  and  nuts  is  a  special 
branch  of  trade,  and  engineers  often  purchase  them  ready-made, 
there  are  many  cases  when  the  screwing  must  be  done  in  the  factory. 
In  Great  Britain,  the  Whitworth  standard  thread  is  universally  adopted, 
but  in  America  the  thread,  while  mainly  following  the  English  pattern 
in  regard  to  the  proportion  of  pitch  or  coarseness  to  the  diameter,  differs 
enough  in  shape  to  prevent  interchangeability  with  English  screws. 

There  have  been  numerous  improvements  in  the  methods  of  cut- 
ting screw-threads,  so  that  one  workman  can  in  a  given  time  produce 
more  and  better  screws.  Formerly  the  thread  could  be  formed  only 
by  a  succession  of  cuts ;  now  it  is  formed  at  one  cut. 

Machines  are  usually  made  both  to  screw  bolts  and  tap  nuts,  but 
where  large  quantities  are  made,  as  in  a  nut  and  bolt  factory,  separate 
machines  are  employed.  Although  in  the  same  machines  both  large 
and  small  sizes  can  be  screwed,  and  such  a  machine  may  be  con- 
venient for  a  small  factory,  it  is  better  generally  to  narrow  the  range 
of  sizes  and  to  have  more  than  one  machine.  Thus  one  machine, 
costing  with  all  accessories  ;^6o  to  ;£^7o,  may  be  used  for  all  dia- 
meters between  \  in.  and  i  in.,  while  a  stronger  machine,  costing 
about  ;^ioo,  might  include  all  diameters  between  f  in.  and  2  in. 
Diameters  larger  than  2  in.  have  generally  to  be  cut  in  a  lathe,  but 
by  improved  machines,  screws  up  to  6  in.  diameter,  with  either  vee 
or  square  threads,  are  cut  at  once  very  exactly.  These  machines 
are,  however,  expensive,  and  cost  about  ^100  per  inch  of  diameter, 
and  such  an  expense  is  only  justified  where  numerous  screws  of  large 
size  have  to  be  made,  the  saving  over  lathe- work  in  such  cases  soon 
repaying  the  greater  outlay.  Quick  speed  rendered  possible  by  forced 
lubrication  with  lard  oil  is  essential  to  cheap  working  in  modem 
screwing  and  tapping-machines. 
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Cold  sawSy  with  a  periphery  speed  of  about  60  ft.  a  minute,  are        coid  mwi. 
used  with  advantage  for  cutting  the  ends  of  L  and  other  bars  when  ^^^  «^  Hot  Saws 
a  smooth  exact  surface  is  required.      Horizontal  saws  are  used  for 
trimming  the  edges  of  flanged  plates. 


Puruhtng'tnachineSy  for  making  holes  in  cold  steel  or  wrought  iron, 
are  among  the  most  useful  and  necessary  machine  tools,  and  some 
trades  may  be  said  to  be  entirely  dependent  on  them.  For  punching 
the  softer  metals,  such  as  copper  and  zinc  or  thin  sheet  iron,  hand- 
presses  are  sufficient,  and  are  used  in  large  numbers.  In  these  the  de- 
scending punch  is  operated  by  a  screw,  which  is  turned  by  a  handle 
loaded  at  its  ends,  or  by  a  wheel  with  a  heavy  periphery  to  act  as  a  fly- 
wheel, which  by  its  latent  or  stored  energy  will  force  the  punch  through 
the  metal.  In  the  larger  machines  used  by  engineers,  the  punch  is 
generally  operated  by  a  lever  and  cam,  or  by  an  eccentric  (a  steady 
motion  being  ensured  by  a  fly-wheel),  these  being  convenient  methods 
for  the  short  stroke  required. 

The  capacity  of  a  punching-machine  is  expressed  by  the  diameter 
of  hole  and  the  thickness  of  the  plate  which  can  be  punched  by  it ; 
and  these  two  circumstances  have  to  be  considered  together,  for  it  is 
difficult  to  punch  small  holes  through  thick  plates,  the  diameter  of  hole 
practicable  in  machines  of  the  ordinary  kind  being  approximately  the 
thickness  of  the  steel.  But  while  the  force  necessary  to  the  operation 
may  be  thus  determined,  the  value  of  the  machine  depends  also  on 
the  Depth  of  gap,  or  that  distance  outward  from  the  framing  which 
the  punch  projects.  But  while  with  a  deep  gap  holes  may  be 
punched  a  considerable  distance  from  the  edge  of  a  plate,  the 
strains  upon  the  framing  of  the  machine,  always  severe  during 
the  operation  of  punching,  are  intensified  according  to  the  leverage 
of  the  overhanging  arm ;  and  therefore  the  necessary  strength,  weight 
and  cost  of  the  machine  increase  in  a  growing  ratio  as  the  gap  is 
widened. 

Punching-machines  are  generally  provided  with  a  shearing  appa- 
ratus, because  the  design  of  the  machine  and  the  order  of  working 
facilitate  the  double  operation,  and  because  also  the  trades  which 
require  the  one  process  almost  invariably  require  the  other  also.  Small 
punching-machines  limited  to  holes  J-in.  diameter  through  J-in.  iron 
plates,  or  holes  |-in.  in  diameter  through  §-in.  plates,  and  with  a 
shearing  apparatus  for  J^-in.  plates,  weigh  about  20  cwt.,  and  cost 
from  ;^35  to  ;;^5o ;  while  a  powerful  machine,  such  as  is  used  in 
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a  bridge-building  factory,  capable  of  punching  i-in.  holes  through 
I -in.  plate,  at  a  distance  of  20  in.  from  the  edge,  and  of  shearing 
i-in.  plates,  would  cost  from  ;^20o  to  ;^25o,  and  weigh  about  8  tons. 
Larger  machines  for  punching  and  shearing  ij-in.  steel,  30  in.  from 
the  edge,  cost  about  ^500.  It  is  customary  in  the  best  pimchingand 
shearing-machines  to  provide  also  a  special  or  third  apparatus  for 
cropping  L  bars,  this  adding  about  1 5  per  cent,  to  the  cost  of  the 
machine.  Special  machines  for  shearing  and  punching  L  bars  only, 
are  made  for  ship-builders.  Steam-engines  are  often  attached  to  and 
form  part  of  large  punching-machines,  this  being  in  many  cases  more 
convenient  than  the  alternative  plan  of  transmitting  the  power  by 
pulleys  or  gearing,  but  compressed  air  or  the  use  of  an  electric  motor 
on  the  machine  is  likely  to  supersede  this  method. 

For  the  shearing  of  large  plates,  separate  machines  without  any 
punching  apparatus  are  generally  used,  and  the  manipulation  of  such 
plates  in  presenting  them  to  the  shears  is  facilitated  by  bringing  them 
to  the  machine  on  carriages  with  castor  wheels,  transverse  and  other 
motions,  sometimes  provided  with  roller  or  ball  bearings. 

Various  improvements  have  been  made  in  punching  and  shearing 
machines.  The  shape  and  dimensions  of  parts  are  better  adapted 
than  formerly  for  withstanding  the  stresses  and  shocks  of  working,  and 
allow  therefore  the  most  economical  application  of  material  to  the 
framing  of  the  machine.  The  methods  of  transmitting  the  power  to 
the  punch  or  shears  have  been  improved ;  and  controlling  apparatus 
of  a  simple  kind  has  been  introduced  by  which  the  workman,  while 
adjusting  the  plate  or  bar  to  be  punched,  can  instantaneously  render 
effective  or  inoperative  the  power  of  the  descending  punch ;  and  for 
particular  trades  this  controlling  mechanism  is  applied  to  the  shearing 
blade  also.  Some  punching-machines  are  provided  with  self-feeding 
apparatus,  by  which  the  holes  are  made  at  regular  intervals  auto- 
matically. 

The  operation  of  punching  requires  considerable  care,  but  good 
workmanship  depends  also  on  the  condition  of  the  machine.  It  is 
important  that  the  machine  be  powerful  enough  to  overcome  without 
difficulty  the  resistance  of  the  steel  or  iron  operated  on  ;  secondly,  that 
the  die  be  accurately  and  firmly  fixed  so  as  to  receive  the  punch 
squarely  and  without  any  yielding ;  and  thirdly,  that  the  sliding  parts 
should  fit  closely,  for  otherwise  the  hole  which  is  being  punched  will  be 
distorted  and  the  iron  or  steel  damaged.  Moreover,  unless  there  be 
very  great  accuracy  in  the  fitting  of  the  punch  and  die,  the  latter  must 
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be  made  larger  in  proportion  to  the  punch  than  is  compatibte  with  good 
work,  and  the  punch  will  be  apt  to  diverge  laterally  from  the  vertical 
line  and  damage  the  material.  The  tighter  the  fit  of  the  punch  into 
the  die  the  better  will  be  the  work  done,  but  the  greater  will  be  the 
strain  upon  the  material,  so  that  not  only  good  tools  but  iron  or  steel 
of  good  quality  is  needed  to  ensure  good  work.  It  is  mainly  owing  to 
the  want  of  knowledge  or  care  in  these  respects,  and  the  consequent 
bad  results,  that  some  engineers  forbid  punched  holes  altogether,  and 
require  drilled  holes.  The  reasons  adduced  in  favour  of  drilling  are 
that  greater  accuracy  is  obtained,  and  that  the  steel  is  not  damaged 
as  by  punching,  but  in  good  iron  the  damage  need  not  occur,  and  in 
steel  it  can  be  neutralised  by  rymering  out  the  holes  after  punching, 
or  by  annealing.  A  punched  hole  is  always  taper,  while  a  drilled 
hole  is  parallel,  an  advantage  in  the  majority  of  cases. 

To  ensure  accuracy  in  the  position  of  the  holes,  it  has  become 
usual  to  mark  them  with  a  centre-punch,  instead  of  in  the  more  usual 
manner  with  colour  only,  and  the  punch  of  the  machine  is  armed 
with  a  projecting  point  or  nipple  which  fits  into  the  centre  spot  or 
mark.  But  marking  is  altogether  avoided  sometimes  by  the  use  of 
the  automatic  feeding  apparatus,  which  so  regulates  the  movement 
of  the  pieces  to  be  operated  on  that  the  holes  are  made  at  regular 
and  prescribed  intervals.  This  method  is  adopted,  for  instance, 
in  machines  of  a  peculiar  kind,  more  often  used  in  America  than 
in  England,  in  which  numerous  punches  work  simultaneously ; 
the  machines  somewhat  resembling  in  appearance  a  plate-shearer 
or  a  multiple  drilling-machine,  the  punches  being  arranged  on  a 
cross-slide  over  a  travelling  table. 

Hydraulic  power  has  been  applied  to  punching  and  shearing 
machines,  the  concentration  of  force  rendering  possible  the  direct 
action  of  a  ram  upon  the  punch  without  the  necessity  for  cams, 
eccentric,  fly-wheel  or  rotary  motion,  but  this  method  is  too  slow  for 
general  work.  Hydraulic  power  is  universally  applied  to  the  flanging 
and  dishing  of  steel  plates  for  boilers  or  for  the  corrugated  plates  for 
bridge  floors.  Hydraulic  machines  of  any  kind  obviously  find  their 
best  place  in  a  workshop  where  hydraulic  power  is  established  for 
general  purposes,  because  the  pumps  and  accumulator  can  be 
provided  on  a  large  scale  ;  but  as  the  pumps  may  be  easily  worked 
from  ordinary  shafting,  and  a  small  accumulator  is  not  expensive,  one 
or  two  hydraulic  machines  can  be  established  without  inordinate 
exi)ense. 
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For  portable  punching-machines,  hydraulic  power  compares  still 
more  favourably,  and  indeed  renders  possible  operations  which  are 
quite  unattainable  by  other  means.  The  small  screw-punch,  or 
"  bear,"  was  formerly  the  only  tool  available  for  this  purpose,  the 
power  being  laboriously  applied  by  a  long  handle  or  lever ;  but  even 
the  ingenious  duplex  adaptation  of  compound  levers  for  this  purpose, 
by  which  the  long  handles  are  rendered  unnecessary,  is  not  so 
efficient  as  the  hydraulic  machine.  Portable  punches  as  above 
described  are  made  either  on  tripod  stands,  for  work  that  can  be 
brought  to  them,  or  without  stands,  so  that  they  can  be  carried  to 
girders  or  other  structures  and  applied  in  place. 

The  simple  screw-punching  bears  cost  from  j£^  to  £,^  each,  and 
weigh  from  25  to  90  lbs.,  and  the  duplex  machines,  which  are  much 
more  easily  worked,  cost  from  jQ^  to  ;£'i4,  or,  if  fixed  on  a  stand  for 
punching  larger  holes,  jQ'^o,  Portable  machines  of  this  kind  are 
most  effectual  for  small  holes,  and  they  are  applied  with  difficulty  for 
heavier  work  than  J-in.  holes  through  J-in.  iron.  But  for  holes  in 
narrow  bars  such  as  rails,  where  the  die  can  be  held  at  both  sides, 
I  in.  through  |-in.  iron  or  ^in.  steel  can  be  punched  by  portable 
screw-machines.  Hydraulic  punching-bears  cost  from  £10  to  ^^30, 
and  weigh  from  70  to  400  lbs.  The  weight  and  cost  of  all  portable 
punching-machines  increase  in  a  rapid  ratio  if  a  wide  gap  is  required 
as  previously  described. 

Small  holes  may  be  punched  through  thick  iron  or  steel  by  special 
machines  contrived  so  as  to  apply  the  theory  of  the  "  flow  of  solids." 
It  is  in  this  way  that  thick  nuts  with  small  holes  are  punched  cold,  as 
a  persistent  pressure  of  the  punch  in  a  peculiar  way  forces  the  pellet 
before  it. 

The  particulars  which  determine  the  form,  size  and  cost  of  a 
punching-machine,  are  the  nature  of  the  trade,  the  maximum 
diameter  of  hole  to  be  punched,  the  thickness  of  the  steel,  and  the 
depth  of  the  gap. 


6b 
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Platc-hetiding  machines^  for  bending  the  plates  of  boilers  or  ships, 
are  made  with  three  rollers,  and  the  plate  being  passed  below  the 
top  roller  the  desired  curve  is  given  by  lowering  it  between  the 
two  under  rollers,  so  that  the  centre  of  the  plate  being  pressed 
downwards  in  passing  through,  the  ends  curve  up.  The  machine 
should  be  so  contrived  that  the  upper  roller  is  raised  and  lowered  by 
power  and  not  by  hand,  and  that  the  plate  after  being  bent  can  be 
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removed  endways,  this  being  necessary  when  a  plate  has  been  bent 
to  a  complete  circle.  Plates  have  to  be  bent  so  for  the  flue  tubes  of 
boilers,  and  sometimes  also  for  the  shell  of  the  boiler  itself,  in  cases 
where  it  is  sought,  by  using  one  large  plate,  to  avoid  a  seam  at  the 
bottom  of  the  boiler.  It  has  therefore  become  usual  to  make  hori- 
zontal bending-machines  with  the  upper  part  of  one  standard  loose,  Horixontai 
SO  that  It  can  swmg  back  and  allow  the  plate  to  be  drawn  edgeways 
from  the  rollers.  While,  however,  this  plan  is  effective  for  plates 
of  moderate  size  and  weight,  heavy  plates,  such  as  are  used  in  ships 
and  for  large  marine  boilers  are  too  unwieldy  to  be  so  moved,  and  to 
meet  these  cases  machines  with  vertical  rollers  are  made,  in  which 
plates  up  to  5  tons  weight  can  be  treated.  Such  machines  cost  from 
;^ioootO;£'i2oo.  Ordinary  plate-bending  machines  range  in  length 
from  6  ft.  to  10  ft.,  cost  from  £is^  to  ;£^25o,  and  weigh  from  5  to  Cost  and  weight. 
10  tons,  the  weight  and  cost  of  the  machine  being  determined  as 
much  by  the  thickness  of  the  plates  to  be  bent  as  by  their  size. 

Riveting-machines  are  made  either  for  steam  or  hydraulic  power.        Riveting- 
and  in  both  the  pressure  is  applied  directly  without  the  interposition       ™**^  *°*** 
of  wheels  or  gearing.     In  a  steam  machine,  a  horizontal  cylinder  of  steam  machines, 
large  diameter  is  employed,  so  as  to  concentrate  a  sufficient  power 
on  the  piston-rod  forming  the  rivet-closer.     Riveting-machines  have 
to  stand  a  considerable  height  from  the  groimd  to  allow  structures  of 
varying  shape  and  size  to  be  presented  to  the  riveting-tool.     The 
weight  and  strength  of  the  framing,  and  therefore  the  cost,  depend 
more  upon  the  depth  of  gap  than  upon  the  diameter  of  the  cylinder. 
The  prices  of  steam  riveting-machines  as  used  by  boiler-makers  and 
bridge-builders  range  from  ;^25o  for  a  machine  with  3-ft.  gap,  ^^300 
for  4-ft.  gap,  to  £j^^o  for  6-ft.  gap ;  the  weight  ranging  from  8  to 
1 5  tons.     The  above  prices  are  exclusive  of  the  overhead  crane. 

The  superiority  of  machine  over  hand  riveting  lies  in  the  different      Machine  and 
effects  which  result  from  the  different  kind  of  blows.     A  small  weight     "compared?*^ 
falling  with  a  considerable  velocity  a  great  number  of  times  may  pro- 
duce the  same  aggregate  result  as  a  heavy  weight  falling  once  with  a         seeaiMo 
less  velocity,  but  the  effect  worked  by  the  former  is  chiefly  in  the   ^™JS^^7^*"*' 
particles  nearest  to  the  tool  (the  hammer,  the  rivet-point,  and  the 
surface  of  the  plate),  while  with  the  latter  the  effect  is  transmitted 
to  the  more  distant  or  interior  particles.     A  rivet  should  be  heated  Heating  of  rivets, 
throughout  its  entire  length,  and  when  inserted  should  be  as  hot — 
and  for  hand-riveting,  or  in  the  case  of  long  rivets,  hotter — at  the 
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head  as  at  the  point.  The  blows  of  the  hammer  are  not  felt  so 
severely  at  the  hilt  as  at  the  point,  and  as  at  both  it  is  necessary  to 
swell  out  or  "  upset "  the  rivet  to  fill  the  hole  entirely,  extra  heat  and 
ductility  at  the  hilt  allow  the  blows  of  the  hammer  to  have  due  effect. 
The  effect  of  hand-hammering  on  a  rivet  depends  on  the  care  and 
skill  of  the  workmen.  If  they  strike  the  rivet  flat  several  times,  they 
will  "  upset "  the  iron  and  fill  the  rivet-hole,  but  they  do  not  always 
do  this  effectually,  but  begin  to  form  the  head  prematurely  by  striking 
the  rivet  at  an  angle,  trusting  to  the  cup,  or  snap-tool,  to  upset  the 
iron  in  the  hole,  which  it  does  not  do  effectually.  A  riveting-machine 
avoids  this  defect,  and  moreover  has  the  advantage  of  pressing  the 
plates,  through  which  the  rivet  passes,  together.  Hammering,  if 
continued  too  long  after  the  rivet  begins  to  get  black,  causes  the 
iron  to  crystallise,  and  rivet-heads  so  formed  are  brittle  and  often  fall 
off.  Steel  is  more  liable  to  this  than  good  iron,  and  for  this  reason 
high-class  iron  rivets  are  often  used,  even  for  steel  boilers.  Where 
very  ductile  iron  or  steel  is  used,  rivets  not  exceeding  half  an  inch 
diameter  may  be  hammered  quite  cold. 

Steam-riveting  machines  are  useful  for  all  but  the  heaviest  work, 
as  a  machine  of  moderate  size  with  a  piston  of  36  in.  diameter  can, 
with  an  effective  pressure  of  about  50  lbs.  to  the  inch,  give  a  total 
force  on  the  rivet  of  22  tons.  In  using  such  machines,  however, 
it  must  be  noted  that  any  reduction  of  the  steam  pressure  will  at 
once  diminish  the  force  on  the  rivet,  and  so  produce  irregular  work. 

Hydraulic  power  finds  a  useful  application  in  riveting-machines, 
and  in  the  opinion  of  many  engineers  offers  such  advantages  over 
steam  power  as  to  induce  them  to  prescribe  hydraulic  riveting  for 
all  rivets  over  a  certain  size.  The  operation  may  be  described  as 
a  blow  and  squeeze  combined,  and  to  obtain  the  necessary  velocity 
the  power  must  be  brought  through  the  medium  of  an  accumulator, 
a  direct  supply  from  the  pumps  to  the  machine  not  being  quick 
enough.  Hydraulic  machines  are  particularly  useful  for  rivets  of 
large  diameter  passing  through  numerous  plates,  as  the  great  force 
which  may  be  applied  closes  and  holds  the  plates  together  in  a 
manner  otherwise  unattainable.  Where  there  is  a  complete  system 
of  hydraulic  machineiy,  a  special  steam-engine  for  pumping  is  pro- 
vided ;  but  for  one  or  few  machines,  the  pumps  can  be  worked  by 
belting  from  the  general  shafting  of  the  factory  or  by  an  electric 
motor,  and  the  expenditure  for  power  so  abstracted  is  less  than  that 
taken  from  a  boiler  for  a  steam-machine.     There  is  also  the  advan- 
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tage  that  pressure-water  may  be  brought  a  considerable  distance  from 

the  source  of  power  without  appreciable  loss.     Hydraulic  machines 

weigh  from  5  to  10  tons,  and  cost  from  £^^^0  to  ;£'5oo  exclusive  weight,  cost  and 

of  pumps  and  accumulator.     The  machines  are  generally  made  to       machinM. 

exert  a  force   of  from  25  to  50  tons  on   the  rivet-closer,  and   the 

gap  of  the  machine  can  be  made  of  any  depth  from  4  ft.  up  to  12  ft. 

The  Portable  hydraulic  riveter  exemplifies  the  peculiar  advantages 
of  water-transmitted  power  more  than  any  other  operation  to  which 
it  has  been  applied.     By  means  of  a  machine  measuring  about  20  in. 
by  30  in.,  and  weighing  only  from  300  to  500  lbs.,  a  pressure  of  30 
tons  can  be  applied  to  the  closing  of  a  rivet  in  its  place  as  part  of  a 
large  structure — girder,  bridge,  ship  or  boiler — which  would  be  quite 
inaccessible  to  a  fixed  machine,  and  without  such  a  method,  only  to 
be  performed  by  hand-labour.     This  concentration  of  power  in  a    ^  ^^    ^  nveter. 
small  compass  is  rendered  possible  by  the  high  pressure  which  can 
quickly  and  easily  be   obtained   from  hydraulic  pumps  through  an 
accumulator,  and  to  the  simple  and  effective  jointing  or  articulation 
of  the  small  tubes  through  which  the  water  is  conveyed,  and  which 
allow  the  machine  to  be  moved  from  place  to  place  almost  as  readily 
as  a  portable  gas-lamp  supplied  by  a  flexible  tube.      It  is  in  its    Tmnsmission  of 
mobility,  and  in  the  quick  stroke  which  the  accumulator  aifords,     fleSSie^tubca. 
that  the  portable  riveter  differs  from  the  hydraulic  lifting-jack,  for 
in  both  the  force  is  obtained  in  a  small  portable  machine  by  the 
use  of  high-pressure  water  on  a  piston  or  ram  of  small  diameter. 
A  hydraulic  riveter  as  just  described  costs  only  about  ;^ioo  if  used   Cost  of  portable 
where  hydraulic  pumps  and  accumulator  are  already  established,  but         "^*  *'*' 
an  additional  cost  of  from  ;£'i7o  to  ;^2oo  must  be  incurred  if  these 
have  to  be  added.     This  is  still  exclusive  of  the  engine  power  for 
the  hydraulic  pumps,  which  can  however  be  generally  worked  from 
an   existing  line  of  shafting,   with   an    expenditure   for   the   force 
abstracted  much  less  than  that  which  would  be  required  in  wages 
for  hand-riveting.      The  cost  of  overhead  cranes  or  travellers  has  Accessory  cranes, 
generally  to  be  incurred,  the  kind  and  cost  depending  on  the  nature  See  chap.  xxvu. 
of  the  work  to  be  operated  on.     Although,  in  the  British  climate, 
the  main  supply-pipes  seldom    freeze,  the   small  tubes   and   valve 
sometimes    give    trouble  from  this    cause   in    an    extreme    winter. 
The  rubber  tubing  used  for  the  exhaust  water,  if  not  kept  in  good 
order,  will  cause  a  nuisance  by  leakage.     Portable  machines  of  this 
kind  have  been  found   effective  not  only  in  boiler-making,  and  in 
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bridge  factories  or  ship-building  yards,  but  for  riveting  in  situ  during 
the  erection  of  large  bridges,  as  for  instance  at  the  Forth  Bridge, 
where  riveting  was  done  400  ft.  above  the  level  of  the  motor.  In 
cities  where  hydraulic  power  mains  are  established,  riveting  can 
be  effectually  and  silently  performed  without  any  contiguous  motor, 
as  for  instance  the  riveting  of  the  girders  when  Charing  Cross  Bridge 
was  widened,  the  pumping  motor  being  a  mile  distant. 

Compressed  air  is  sometimes  employed  as  the  medium  of  power 
for  portable  riveting-machines,  the  apparatus,  in  regard  to  portability 
and  shape,  much  resembling  the  hydraulic  riveter.  The  pressure  is 
only  about  one-tenth  that  usual  in  hydraulic  machines,  but  the  same 
effect  on  the  rivet-closer  is  obtained  by  a  larger  cylinder  and  longer 
toggle  lever.  A  complete  apparatus,  including  an  air-compressing 
steam-engine,  costs  about  ;£^25o.  The  machine  is  rather  heavier 
than  a  hydraulic  machine,  but  it  is  free  from  the  inconvenience  of 
freezing  and  leakage  above  referred  to.  It  may  be  said  that  for 
rivets  up  to  |-in.  diameter,  and  2  in.  long,  the  two  systems  offer 
about  equal  facilities ;  the  hydraulic  machines  being  more  effective 
for  heavier  work.  By  another  pneumatic  plan  a  rapid  succession  of 
blows,  each  of  only  moderate  force,  is  given  as  in  a  rock-drill,  with 
a  result  like  that  in  hand-riveting. 


Referring  to  the  various  operations  described  in  the  preceding 

Choice  of        pages,  the  Choice  of  machine  tools  is  greatly  assisted  by  a  plan  of  the 

how  determined,  workshop  showing  the  position  the  machines  are  to  occupy  and  the 

space  available  for  them ;  an  elevation  and  cross-section  showing  the 
driving  shafts,  their  distance  from  the  wall  and  roof  (thus  indicating 
the  length  of  belts  and  clearance-space  for  pulleys) ;  the  thickness  of 
the  wall  or  roof-beams  available  for  supporting  overhead  gear ;  and 
information  as  to  the  diameter  and  speed  of  the  shafting  which  is  to 
Transmission  of  drivc  the  machine.     The  alternative  of  electric  transmission  should 

power. 

be  considered,  and  if  an  electric-lighting  plant  or  a  supply  of  electric 
current  is  established  or  available,  the  maker  of  the  machine  tools 
can  have  the  opportunity  of  arranging  for  dynamo  motors.  In 
England,  machine  tools  are  generally  fixed  upon  stone  beds,  but 
timber  is  sometimes  employed.  Stone  is  preferable  to  timber,  but 
as  concrete  will  serve  equally  well,  it  is  easier  and  cheaper  to  export 
Portland  cement  to  countries  where  indigenous  stone  is  wanting,  if 
suitable  gravel,  ballast,  or  other  material  for  making  the  concrete  be 
obtainable  in  th&  locality. 
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The  importance  of  fixing  a  machine  exactly  level  on  a  solid 
foundation  cannot  be  overstated,  for  the  correctness  of  its  work 
is  imperilled  by  an  uneven  or  yielding  bed.  Inequalities  in  a  stone 
or  concrete  bed  may  be  adjusted  by  grouting  the  joints.  If  the 
supports  are  not  in  a  true  plane,  the  machine,  especially  if  it  covers 
a  large  area,  may,  in  settling  down  to  the  place  provided  for  it, 
become  distorted  or  strained.  Indeed  some  engineers  consider  it 
so  difficult  to  adjust  exactly  four  bearing  places,  that  they  prefer  to 
make  only  three  of  the  supports  rigid,  which  can  be  arranged  without 
difficulty,  and  to  make  the  fourth  jointed  or  otherwise  adjustable  to 
allow  of  exact  setting. 

A  full  knowledge  of  the  purpose  for  which  the  machine-tool  is 
intended  greatly  assists  a  proper  choice,  for  there  are  many  alterna- 
tive arrangements  of  detail  from  which  can  then  be  selected  the  one 
suited  for  the  case  in  view.  Moreover,  if  a  constant  repetition  of 
similar  work  is  intended,  special  self-acting  or  automatic  arrangements 
can  be  provided  to  increase  the  service  and  to  cheapen  the  cost  of 
working.  On  the  other  hand,  special  machines,  which  may  be  useful 
in  large  factories  are  out  of  place  when  the  work  is  of  miscellaneous 
kind  or  is  limited  in  amount.  Summarising  the  suggestions  con- 
veyed in  the  preceding  pages  for  particular  tools,  it  may  be  stated 
generally  in  regard  to  all,  that,  to  allow  of  a  proper  selection  of  the 
machine  needed,  the  following  information  should  be  furnished  by 
the  purchaser : — 

1.  A  description  of  the  Trade  for  which  the  tool  is  needed. 

2.  The  Size  and  weight  of  the  pieces  or  articles  to  be  operated  on. 
This  may  either  be  given  by  approximate  dimensions  and  weight,  or 
may  be  sufficiently  indicated  by  a  description  of  the  commodities 
to  be  manufactured.  Thus,  in  the  case  of  locomotive,  marine,  or 
stationary  engines,  their  size  or  horse  power  will  convey  a  good  idea 
of  the  capacity  of  the  machine  tools  necessary.  So  if  ship-building 
be  the  trade,  the  size  and  kind  of  vessel  built  will  tell  approximately 
the  strength  and  size  of  the  various  tools. 

In  purchasing  machine  tools,  it  may  be  sufficient  to  furnish  the 
foregoing  particulars  to  the  manufacturer,  on  whom  will  then  rest 
the  responsibility  of  supplying  what  is  suitable.  If  competitive  offers 
have  to  be  considered,  a  specification  and  drawing  from  each  maker 
will  be  required  in  order  to  allow  a  comparison  of  values.  To  facili- 
tate such  comparison  and  to  narrow  the  differences  of  various  designs, 
certain  main  features  may  be  prescribed  by  the  purchaser.      Dimen- 


Solid  beds  for 
machines. 


Adjustment  of 
supports. 


Repetition  work. 


Special  machines 
where  applicable. 


Purpose  of 
machine. 


Sice  and  weight 

of  work  to  be 

done. 


Competitive 
desigfns. 


See  /age  ^9t. 


766  Mathesons  Aid  Book.  [Chap.  XXV. 

sions  of  length,  width  and  height  may  be  stated,  as  well  as  the 
scope  of  the  machine  in  regard  to  the  size  of  the  article  to  be  treated. 
But  such  particulars  are  not  conclusive  unless  the  speed  and  capacity- 
be  also  stated,  as  the  framework,  while  large  enough  for  the  desired 
purpose,  may  not  be  so  strong  as  another  for  cutting  or  piercing  at  a 
profitable  speed  the  metals  dealt  with.  The  specification,  whether 
Acceasoriei  and   of  buyer  Or  Seller,  should  enumerate  the  accessories  or  duplicate  parts 

duplicates.  ^  r  r 

stepagtAS^'  ^^^^  ^^^  ^^  ^^  suppHcd.  It  is  usual  for  the  machine  tool  maker  to 
include  in  the  price  the  brackets,  pulleys  and  other  driving  apparatus 
for  transmitting  and  regulating  the  power  from  the  main  shaft  of  the 
factory,  but  as  such  a  condition  may  admit  of  different  interj)retations, 
the  various  appurtenances  should  in  each  case  be  described.  So  also 
the  driving-belts,  cutting-tools,  tool-holders,  spanners,  holding-down 
bolts,  and  other  minor  parts  should  be  enumerated. 

Machine  tools  generally  pack  closely  for  shipment,  the  weight 

usually  exceeding  the  measurement  tonnage.     Large  or  long  pieces 

Packing  for      require  special  protection  against  damage,  and  all  small  parts  have  to 

Sttpagt^i*      ^^  packed  in  close  cases.     The  cost  of  packing  for  shipment  ranges 

generally  from  3  to  5  per  cent,  on  the  purchase  prices. 

Testinc-machinea.        TesHn^ma<hine5  for  measuring  the  strength  and  other  qualities  of 

engineering  materials  are  made  of  varying  capacities  ranging  from 
small  simple  machines  to  measure  a  500-lb.  pull  upon  specimens  of 
a  few  inches  in  length  up  to  large  combined  machines  to  measure 
stresses  of  500  tons,  either  by  pulling,  pressing,  bending,  or  twisting, 
Purpose  and      Upon  pieces  of  considerable  length.     The  smallest  machines  are  for 

caoadtv* 

testing  samples  of  such  materials  as  cement,  wire,  hoop-iron  or  cast- 
50-ton  machinea  iron  bars.     For  testing  samples  of  steel  and  iron,  50-ton  machines  are 

generally  used.  Machines  of  a  larger  size  are  more  suitable  for 
testing  actual  members  of  construction,  such  as  bricks  under  pressure, 
which  demand  100  tons  of  power,  chain-cables,  which  may  require 
250  tons  power  and  a  capacity  in  length  of  90  ft. ;  and  machines  for 
testing  the  ties  and  stmts  of  bridges,  or  for  testing  cast-iron  columns 
Large  machinea.  in  compression  Or  beams  in  deflection.     The  most  powerful  testing 

machines  hitherto  made  are  available  up  to  500  tons  tension,  and 
take  in  lengths  of  30  feet. 

The  most  valuable  and  trustworthy  machines  are  those  in  which 
streaa,  how      the  Stresses  are  measured  by  dead  weights  rather  than  by  springs  or 
measure  .       gauges.     In  all  the  best  modern  testing-machines  the  forces  neces- 
sary to  elongate,  compress  or  bend  are  aj)plied  by  straining  gear  to 
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one  end  of  the  test  piece,  and  the  balance  for"  measuring  the  force  is 
applied  to  the  opposite  end  of  the  piece. 

Fig.  223  shows  a  good  type  of  machine  for  testing  sample  pieces 
of  iron  and  steel.  The  force  is  given  from  a  hydraulic  cylinder. 
The  amount  of  stress  which  passes  through  the  sample  fixed  in  the 
gap,  A,  is  measured  by  the  self-balanced  steel-yard,  s.  Machines  of 
this  particular  type  are  made  of  such  powers  as  50  and  100  tons,  and 
will  measure  accurately  to  3  lbs.  Such  a  100-ton  machine  would  be 
useful  for  testing  anything  from  fine  wire  up  to  bars  of  steel  2  in.  in 
diameter,  and,  if  fitted  with  compression  apparatus,  can  be  used  also 
to  test  the  crushing  strength  of  a  brick  or  the  stiffness  of  a  short  strut. 

Such  machines  are  well  suited  to  take  in  lengths  up  to  5  ft.,  but 
for  greater  lengths  a  horizontal  machine  is  more  suitable,  especially 
since  an  arrangement  of  the  latter  type  has  been  perfected,  in  which, 
without  the  slightest  delay  in  changing  the  clips  and  other  accessories, 
a  piece  may  be  tested  and  broken  either  by  pulling,  pressing,  bending, 
or  twisting.     The  proper  choice  of  a  testing-machine  depends  on  :  — 

1.  the  Power  required,  which  commonly  lies  between  5  tons  and 
500  tons. 

2.  The  capacity  of  Lengthy  commonly  varying  between  10  inches — 
which  is  the  length  between  Board  of  Trade  gauge-points  for  samples 
of  boiler  plate — and  90  feet,  which  is  a  Board  of  Trade  length  of  chain 
cable. 

3.  The  number  of  Directions  in  which  the  strains  may  be  applied, 
whether  in  pulling  only,  or  in  pulling  or  pressing ;  whether  for  bend- 
ing only,  or  for  pulling,  pressing  and  bending ;  whether  for  twisting 
only,  or  for  twisting  in  conjunction  with  all  the  other  directions.. 

The  twisting  apparatus  in  combined  machines  is  not  usually  made 
to  the  full  capacity  of  the  machine  for  testing  in  other  directions,  but 
generally  to  twist  up  to  about  i  in.  diameter  in  a  50-ton  machine,  2  in. 
diameter  in  a  100-ton  machine,  and  3  in.  diameter  in  a  250-ton 
machine.  Separate  machines  are  made  for  each  separate  direction  of 
straining,  if  so  required,  but  the  largest  and  most  combined  machines 
are  just  as  effective  and  trustworthy  for  small  tests,  and  in  all  the 
different  directions,  as  are  the  small  separate  machines. 

The  Cost  of  a  testing-machine  must  obviously  vary  according  to 
the  above  points,  namely.  Power ^  Capacity,  and  the  number  of  Direc- 
tions in  which  it  can  be  used.  Besides  this,  the  cost  of  a  testing 
plant,  may  be  enhanced  by  the  provision  of  a  separate  accumulator 
and  pumps  for  working  it,  and  possibly  by  an  engine  and  shafting  for 
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driving  the  pumps.  As  a  broad  average  between  the  simplest  and 
shortest,  and  the  most  combined  and  extensive  machines,  a  cost  of 
;£'io  per  ton  of  balancing  power  gives  the  approximate  cost  of  a  good 
machine,  exclusive  of  motive  force :  that  is  to  say,  where  existing 
pressure  water  is  available  for  the  hydraulic  cylinder,  or  p)ower 
shafting  for  driving  the  straining  gear. 


Readiness  for 
work. 


MsnaKement^oi         The   proper  Management  of  machine  tools  is  one  of  the  most 

important  conditions  in  the  profitable  carrying  on  of  an  engineering 
factory.  In  regard  to  the  machines  which  have  been  enumerated 
in  the  preceding  pages,  it  is  obviously  important  to  utilise  them  to 
the  utmost  by  having  the  most  perfect  cutting-tools  and  by  keeping 
them  fully  employed ;  but  too  often,  even  when  care  and  money 
have  been  expended  without  stint  on  the  machines,  the  results  are 
inadequate  for  want  of  attention  to  these  conditions.  Assuming 
that  the  machine  has  been  well  chosen  in  regard  to  the  work  to  be 
performed,  the  amount  of  service  depends  mainly  on  the  following 
points : — 

{a)  The  Readiness  with  which  the  article  can  be  attached  to  the 
machine  and  adjusted,  more  time  being  often  expended  in  this  than 
in  the  actual  working  of  the  tool.  Much  invention  has  been 
directed  to  these  operations,  and  the  less  variety  there  is  in  the  size 
and  shape  of  articles,  and  in  the  kind  of  service  required,  the  more 
scope  will  there  be  for  improvements  and  for  the  application  of 
"  special "  tools. 

{h)  The  shape  of  the  Cutting-tool  and  the  manner  in  which  it  is 
held.  Skilled  workmen  acquire  great  aptitude  in  the  shaping  of 
tools  to  the  proper  form,  and  in  their  ready  application  to  the 
purpose  in  view,  but  they  are  greatly  assisted  by  having  steel  of 
appropriate  shape  from  which  the  tools  can  be  fashioned,  well-con- 
Grinding.  trived  grindstones  or .  emery-wheel  grinders,  and  tool-holders  which 
^erEMBKv-wHSBLs,  allow  quick  adjustment. 

{c)  The  operation  of  a  cutting-tool  and  its  endurance  obviously 
depend  much  on  the  Quality  of  the  Steel  and  on  its  suitability  to  the 
metal  it  is  to  cut,  though  this  consideration  does  not  always  receive 
the  attention  it  deserves.  The  better  the  steel,  the  longer  it  will 
work  before  needing  to  be  re-shaped  or  re-ground ;  and  by  a  careful 
choice  of  the  kind  of  steel,  the  maximum  speed  of  the  cutting-tool 
can  be  obtained,  there  being  wide  limits  within  which  economy  in 
this  respect  may  be  promoted. 
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{d)  The  cutting  Speed  of  machine  tools,  as  well  as  the  depth  and 
width  of  cut,  should  be  carefully  studied  by  those  who  have  the 
management  of  workshops.  In  many  cases,  even  where  attention  is 
paid  to  other  points,  these  are  left  to  the  discretion  or  whim  of  the 
individual  workman,  w^hile  it  should  be  obvious  that  on  them  the 
profit  or  loss  which  will  result  from  a  given  outlay  in  machinery, 
wages  and  current  expenses  very  largely  depends.  The  amount 
of  work  which  machines  of  similar  kind  and  capacity  w411  produce 
varies  in  even  first-class  factories  as  much  as  50  per  cent.  The 
necessity  and  the  advantage,  both  to  employer  and  workman,  of  pay- 
ment by  results  are  ever  becoming  more  evident,  but  the  scale  of 
payment  for  piece-work  can  only  be  equitably  arranged  on  some 
standard  basis  in  these  respects.  The  area  of  surface  finished  in  a 
given  time,  or  the  number  of  holes  punched  or  drilled,  should  be 
tabulated  for  each  of  the  metals  dealt  with,  and  some  standard  set 
up.  Even  then  the  best  results  can  only  be  obtained  by  a  wise 
expenditure,  in  the  first  instance,  on  true,  powerful  and  rigid  machines 
that  can  be  worked  at  a  maximum  speed.  Not  only  has  the  power 
of  the  machine  to  be  suitable  for  the  speed,  width  and  depth  of 
cutting,  but  the  article  operated  on  must  be  strong  enough  to  resist 
the  pressure  of  the  tool. 

(e)  Even  with  the  best  machines  and  cutting-tools,  the  cost  of 
working  depends  greatly  on  the  Organisation  of  the  workshop  and  the 
order  of  procedure.  In  many  cases,  one  skilled  workman,  assisted 
perhaps  by  a  boy  or  labourer,  can  manage  two  or  more  machines ; 
and  although  such  an  arrangement  is  often  opposed  by  the  fallacious 
reasoning  of  trade-unions,  it  is  obvious  that  the  workman  who  can 
so  utilise  the  machinery  enhances  the  value  of  his  services.  Where- 
ever  possible,  relays  of  tools  should  be  in  readiness  to  replace  those 
which  are  worn  or  broken  \  and  in  many  factories,  the  workmen  who 
control  the  machines  are  not  allowed  either  to  shape  or  grind  their 
own  tools,  as  not  only  their  own  time  but  the  valuable  time  of  the 
machine  is  lost  while  they  are  absent  from  it.  In  well-managed 
factories,  store-rooms  are  provided  for  loose  tools,  which  are  kept  in 
good  order  and  issued  to  the  workmen  in  a  systematised  manner. 

(/)  A  Clean,  well-ordered  Workshop  has  much  to  do  with  the 
good  condition  of  machine-tools.  A  floor  of  wood  blocks,  or  asphalt, 
or  other  substance  which  gives  out  little  dust,  is  an  advantage.  The 
wearing  parts  of  the  machines  should  be  preserved  as  much  as  pos- 
sible from  dirt  and  grit,  and  oil  of  good  quality  only  used.     Under 
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Wear  and  tear. 


Depreciation. 


favourable  conditions  in  these  respects,  the  workmen  will  be  fotind 
to  take  care  and  pride  in  keeping  their  machines  in  good  order ;  and 
even  some  degree  of  smartness — such  as  the  polishing  of  bright  sur- 
faces— may  be  encouraged,  because  such  attention  generally  brings 
with  it  care  to  the  more  essential  parts  of  the  machine. 

(£)  The  **  Wear  and  tear''  of  machine  tools  has  to  be  considered  in 
estimating  the  cost  of  work  done ;  and,  notwithstanding  maintenance 
by  repairs,  the  book  value  of  the  machines  should  be  regularly  re- 
duced to  correspond  with  the  deterioration  taking  place.  For  while, 
in  the  financial  administration  of  a  factory,  the  accounts  which  relate 
^^^fndii^*^  to  disbursements  and  receipts  are  so  obviously  necessary  to  the  con- 
tinuous working  of  the  undertaking  as  to  be  rarely  neglected,  the 
capital  accounts  are  not  always  deemed  to  be  of  such  pressing 
importance;  and  variations  in  the  value  of  plant  arising  from  the 
wear  and  tear  are  often  left  unnoted.  The  temptation  to  treat  as 
profit  the  surplus  of  income  over  expenditure,  without  sufficient 
allowance  for  deterioration,  appears  to  be  often  irresistible.  No 
fixed  rules  or  rates  of  depreciation  can  be  established  for  general 
use,  because  not  only  do  trades  and  processes  of  manufacture  differ, 
but  numerous  secondary  circumstances  have  to  be  considered  in 
determining  the  proper  course.  There  are,  however,  general  prin- 
ciples which  ought  always  to  apply,  and  every  manufacturer  can  by 
proper  investigation  of  his  accounts  arrive  at  suitable  rates, 

[See  also  The  Establishment  of  Factories  :  The 
Transmission  of  Power:  and  Smithy  Tools.] 
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SMITHY  TOOLS   AND   STEAM-HAMMERS. 


A  WELL-arranged  and  well-kept  smithy  is  generally  evidence  of  good 
management  in  an  engineering  factory ;  but  very  often,  even  where 
skill  and  money  have  been  expended  on  the  other  departments,  the 
arrangements  of  the  smithy  are  rude  and  defective.  Smiths*  hearths 
are  generally  arranged  along  the  wall,  and  the  anvil,  steam-hammers, 
and  other  machines  in  the  centre  of  the  smithy.  This  plan  econo- 
mises space ;  one  line  of  blast-pipe  will  serve  all  the  fires ;  and 
cranes,  if  needed  as  adjuncts  to  the  hearths,  can  be  conveniently 
attached  to  the  wall.  The  hearths  may  be  placed  either  singly  or 
in  pairs,  or  sometimes  even  in  groups  of  three  or  four ;  these  arrange- 
ments  and  the  distance  between  the  hearths  depending  mainly  on 
the  dimensions  of  the  forgings  to  be  made.  The  smoke  and  fumes 
from  the  hearths  may  be  conducted  either  by  bend-pipes  from  the 
hoods  to  chimneys  constructed  in  the  wall,  or  vertically  by  light  iron 
chimneys  through  the  roof.  Where  hearths  are  arranged  in  pairs, 
the  two  hearths  are  sometimes  covered  by  one  hood ;  but  this 
plan,  though  effective,  requires  a  hood  of  large  size,  inconvenient 
to  make  and  carry.  It  is  sometimes  found  convenient  to  conduct 
the  smoke  from  numerous  hearths  to  one  chimney,  through  a 
horizontal  tube  of  large  diameter,  with  which  the  hoods  of  all  the 
hearths  are  connected.  A  smithy  should  be  lofty  and  well  venti- 
lated; the  floor  should  be  made  of  iron  borings,  wood-blocks  or 
other  compact  substance,  kept  clean  and  watered ;  and  there  should 
be  an  abundant  supply  of  water  conveniently  placed ;  the  comfort 
and  efficiency  of  the  workmen  being  much  promoted  by  such 
arrangements. 

Smiths'  hearths  may  be  broadly  classed  as  of  brick  and  iron. 

Brick  hearths  are  preferred  by  some  engineers  :  they  are  easily 
built,  and  in  a  foreign  country  where  good  bricks  are  made  require 
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Brick  hearths. 


the  minimum  of  imported  material.  A  cast-iron  back-plate,  tuyere 
and  water-cistern,  cost  from  jQ^  to  jQ^,  according  to  the  size  of  the 
hearth ;  and  the  rest  of  the  structure  may  be  made  of  brick-  To 
ensure  a  proper  upward  draught,  a  hood  is  generally  necessary  to 
conduct  the  smoke  and  gas  fumes  to  the  chimney;  and  the  hood, 
if  of  brick,  is  conveniently  supported  on  an  angle-iron  frame,  held 
back  to  the  wall  or  chimney  by  tie-rods.  Brickwork  is  preferred 
sometimes  because  less  heat  radiates  from  it  into  the  smithy  than 
from  iron,  but  the  same  advantage  is  obtained  in  an  iron  hearth  by 
lining  it  with  fire-brick.  In  some  cases  the  hood  is  made  of  brick- 
work for  its  supposed  coolness,  while  the  base  and  fire-pan  of  the 
hearth  are  made  of  iron.  The  ironwork  for  such  a  hearth  costs  little 
less  than  a  hearth  entirely  of  iron.  It  is  sometimes  sought  to  avoid 
hoods  altogether,  and  hearths  so  arranged  are  found  to  work  well  in 
some  factories.  But  this  plan  is  only  possible  by  a  special  system 
of  ventilation,  a  vertical  draught  sufficient  to  carry  the  smoke  to 
outlets  in  the  roof  being  ensured  by  doors  or  other  air  inlets  in  the 
side  walls. 

Iron  hearths  are  generally  preferred  to  brick  hearths  in  modem 
engineering  factories,  as  they  are  self-contained,  occupy  less  room, 
can  be  purchased  ready-made,  and  are  cleaner  in  use.  They  are 
generally  made  of  cast  iron,  except  where  the  risks  of  breakage  in 
long  or  difficult  land-carriage  render  wrought  iron  safer.  Cast-iron 
hearths,  as  suitable  for  ordinary  engineering  smithies,  weigh  from  10 
to  22  cwt,  and  cost  from  ;^io  to  £,2^.  Hearths  of  particular  shape 
and  size  are  made  for  many  of  the  special  purposes  in  an  engineering 
factory.  For  large  forgings,  circular  hearths  standing  clear  of  the 
Converging  blast,    wall,  and  with  a  converging  blast  from   three   tuyeres,  are   often 

employed.  Such  a  hearth,  for  instance,  is  used  for  heating  railway 
wheel-centres.  For  small  forgings,  such  as  for  carriage  ironwork, 
small-arms  making,  and  other  special  repetition- work,  small  hearths 
of  appropriate  shape  are  contrived ;  and  they  are  often  entirely  en- 
closed instead  of  with  open  sides  as  usual  for  ordinary  smithing. 
Sometimes  the  hood  is  raised,  and  its  lower  part  lined  with  fire-brick 
set  in  fire-clay.  Fire-bricks  of  ordinary  size  and  kind  may  be  used  ; 
such  bricks  cost  about  i//.  each,  and  are  exported  in  considerable 
quaniities,  but  they  are  occasionally  made  of  special  shape  and  size 
to  fit  the  hearths.  For  out-of-door  work,  smiths'  hearths  are  some- 
times made  without  a  hood  ;  but  it  is  then  generally  found  necessary 
to  provide  a  screen  as  a  shelter  from  the  wind. 
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The  fire-plate  of  a  hearth  is  often  maJe  of  special  size  and  shape 
to  suit  particular  work.  For  certain  rough  or  heavy  forgings — such 
for  instance  as  anchors  and  chain-cables — a  hearth-plate  stronger  than 
usual  is  necessary. 

Various  improvements  have  been  effected  in  smiths'  hearths, 
especially  in  the  mode  of  producing  the  blast,  and  in  the  tuyere  or 
nozzle  by  which  the  blast  is  admitted  to  the  fire.  The  hand-bellows 
produces  a  blast  slowly  and  laboriously,  and  for  large  forgings  is 
inadequate.  It  has  lonj;  been  superseded  by  rotary  fans  or  blowers 
wherever  power  is  available  for  working  them,  and  even  where 
mechanical  power  is  not  obtainable  hand-machines  are  often  pre- 
ferred to  bellows. 

The  Fan  in  some  respects  resembles  the  centrifugal  pump,  for  it 
is  circular,  is  armed  with  radial  blades  and  revolves  inside  a  case. 
The  fan  blast  is,  however,  limited  to  a  pressure  equal  to  that  of  a 
column  of  water  about  six  inches  high  ;  and  to  raibe  a  blast  sufficient 
for  a  smith's  fire  a  high  speed  is  necessary,  from  1200  to  1500  revo- 
lutions per  minute  being  ordinary  rates.  A  fan  sufficient  for  supply- 
ing 7  fires  with  bbst  costs  about  J[,%  \  while  one  for  15  fires  costs 
about  ^£"16.  To  these  prices  must  be  added  the  cost  of  the  shafting, 
pulleys  and  belts  between  the  motor  and  the  fan  which  are  required 
to  multiply  the  speed,  and  which  absorb  much  power. 

The  Blower^  which  was  invented  long  after  the  fan,  is,  in  the 
opinion  of  most  engineers  who  have  tried  it,  a  more  effective  machine. 
It  has  a  rotary  motion,  but  it  revolves  at  about  one-fifth  of  the  speed ; 
it  works  in  a  close-fitting  case,  and  forces  the  air  steadily  before  it, 
instead  of,  like  a  fan,  merely  beating  the  air.  A  blower  is  more 
costly  than  a  fan,  but  requires  fewer  shafts,  pulleys  and  belts,  and 
less  power  i?  necessary  to  produce  a  given  blast.  A  pressure  of 
2  lbs.  to  the  inch  can  be  obtained  from  a  blower,  and  it  is  convenient 
to  have  such  a  force  available,  even  though  it  be  checked  and  reduced 
in  the  hearths  engaged  on  light  work.  There  are  some  cases  where 
even  a  higher  pressure  is  useful  for  concentrating  a  fierce  heat  on 
some  special  forging  or  welding  surface.  When  a  blowing-engine  is 
already  established,  as,  for  instance,  for  a  cold-blast  smelting  furnace, 
the  current  of  from  2  lbs.  to  3  lbs.  pressure  may,  if  suitably  controlled, 
be  used  for  foundry  melting,  cupolas  an^l  smiths*  hearths. 

The  blast  from  a  fan  or  blower  can  be  conducted  a  considerable 
distance  in  pipes,  which  are  generally  laid  about  one  foot  below  the 
ground  or  floor  of  the  smithy.     Sometimes  wood  or  brick  conduits, 
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or  earthenware  pipes,  are  used;  but  iron  pipes  are  generally  pre- 
ferred, as  they  are  tighter  against  leakage,  are  less  liable  to  fracture, 
and  there  is  less  surface  friction.  The  air  pressure  is  so  slight  that 
sheet-iron  pipes  are  strong  enough,  though  they  are  less  durable  than 
cast-iron  against  rust;  the  choice  depending  upon  which  is  more 
easily  obtained  in  the  locality. 

By  the  side  of  the  smiths'  hearth,  a  stand-pipe  with  simple 
shutter-valve  or  plug-valve  conducts  the  blast  from  the  underground 
pipe  to  the  nozzle  which  enters  the  hearth.  As  the  blast  has  to  be 
conducted  into  the  heart  of  the  fire,  the  nozzle  is  liable  to  be  burnt 
away  by  the  intense  heat,  and  to  preserve  it  as  much  as  possible  the 
water-tuyere  is  generally  used.  This  tuyere  is  a  double  pipe  of  cast 
iron  passing  through  a  cistern  behind  the  hearth,  and  the  annular 
space  being  thus  kept  full  of  water,  the  effect  of  the  fire  on  the  nozzle 
is  thus  greatly  reduced.  Water-tuyeres  are  bulky,  necessitate  a 
cistern  of  water,  and  are  not  always  used  even  in  fixed  hearths,  and 
hardly  ever  in  portable  forges.  One  plan  of  supplying  air  without 
the  water-tuyere,  is  to  bring  the  blast  from  below  by  a  vertical  pipe 
into  the  centre  of  the  hearth  through  a  small  perforated  plug  or  plate, 
which  fits  into  the  mouth  of  the  pipe.  Such  a  plate  is  not  so  much 
exposed  to  the  intense  heat  of  the  fire  as  a  nozzle  which  projects 
horizontally,  and  it  can  be  cheaply  replaced  when  burnt  The  fire-pan 
of  a  hearth  so  supplied  with  air  can  be  made  shallower  than  that  of 
an  ordinary  water-tuyere  hearth  ;  but  although  many  smiths  who  have 
used  them  prefer  the  vertical  blast,  the  horizontal  water-tuyere  is 
still  used  in  the  majority  of  cases.  The  plan  of  a  central  tuyere  has 
been  elaborated  by  making  the  plug  to  move  upwards,  so  that  it  not 
only  serves  to  regulate  the  blast,  but,  when  so  moved,  to  clear  the 
fire. 

Ciosfd  furnaces  are  used  for  many  of  the  processes  in  an  engineer- 
ing smithy,  for  which  a  smith's  or  open  hearth,  which  concentrates 
an  intense  heat  on  one  lump  of  iron,  or  on  one  portion  of  a  large 
piece,  would  be  quite  unsuitable.  When  large  surfaces  have  to  be 
brought  to  an  equable  heat — as  in  the  case  of  wheel-tires  or  the  slabs 
from  which  iron  plates  are  to  be  rolled — an  enclosed  furnace  without 
a  force  blast  is  used,  the  necessary  draught  being  provided  by  a  suit- 
able arrangement  of  the  flues  and  chimney.  If  coal  or  coke  is  used, 
the  article  to  be  heated  is  not  brought  into  contact  with  the  hot  fuel, 
but  the  heat,  generated  in  one  corner  of  the  furnace  on  ordinary  fire- 
bars, passes  through  and  around  the  chamber  to  be  heated.     But  coal 
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or  coke  fuel  has  been  largely  superseded  by  producer-gas  in  engineer- 
ing works,  and  gas  applied  in  regenerative  furnaces  is  almost  exclu- 
sively used  in  the  more  important  metallurgical  operations  of  an  iron 
or  steel  works.  Producer-gas  is  made  on  the  premises  at  a  cost  of 
from  \d,  to  2d,  per  1000  ft.,  including  interest  on  the  capital  cost  of 
the  plant  employed  in  making  it.  Water-gas  (made  by  passing  steam 
over  incandescent  coke  and  so  decomposing  the  water)  has  some  ad- 
vantages over  producer-gas  in  its  freedom  from  certain  impurities, 
and  may  be  mixed  with  it  where  steel  has  to  be  heated  for  welding. 
The  use  of  gaseous  fuel  for  these  and  other  purposes  is  likely  to  ex- 
tend. Furnaces,  whether  for  coke  or  gas,  are  built  of  brickwork,  with 
a  lining  of  fire-brick,  are  encased  in  iron  and  held  together  by  outside 
tie-rods  against  the  heat-expansion,  which  would  otherwise  crack  or 
break  them.  The  brickwork  may  with  advantage  be  entirely  of  fire- 
bricks jointed  with  fire-clay,  but  often  a  lining  of  fire-bricks  is  built 
within  ordinary  bricks.  Roughly-made  cast-iron  plates  may  be  used 
as  the  outer  casing.  Wrought  iron  is  sometimes  preferred  as  being 
less  fragile ;  but  if  cast-iron  plates  become  broken,  as  is  almost  sure 
to  happen  eventually,  they  are  still  service  ible,  if  there  be  sufficient 
connections  and  bolts.  The  ironwork  for  furnaces  as  just  described, 
of  the  kind  used  in  a  locomotive  factory  or  general  engineering  works 
for  such  purposes  as  tempering  steel  springs,  heating  wheel-tires  and 
centres,  or  for  heating  scrap-iro.:  for  hammering,  weighs  from  8  to  20 
ions,  and  costs  from  ;;^8o  to  ;^i5o  according  to  the  size  and  pur- 
pose required.  Larger  furnaces  are  needed  for  heating  large  masses 
of  iron  in  those  factories  where  powerful  steam  hammers  are  em- 
ployed. Small  brickwork  furnaces,  in  which  the  fire  is  stimulated  by 
a  forced  draught,  are  used  instead  of  forges  for  heating  rivets  in  a 
bridge  or  boiler  factory,  where,  as  for  a  riveting-machine,  many  rivets 
have  to  be  supplied  quickly. 

Cranes,  anvils,  swage-blocks,  swages,  fullers  and  hammers,  are 
the  most  important  of  the  many  miscellaneous  tools  used  in  a  smithy. 
Light  wrought-iron  Cranes  attached  to  the  walls  or  to  the  side  of  a 
furnace,  for  lifting  forgings  from  the  fire  to  the  anvil,  cost  from  about 
^12  for  one  lifting  5  cwt.,  to  about  ;^2o  for  one  lifting  20  cwt. ; 
while  for  lifting  heavy  forgings  to  and  from  a  steam-hammer,  more 
powerful  and  expensive  cranes  are  required.  Anvils  for  small 
forgings  weigh  from  2  to  3  cwt.,  and  cost  about  ;^5,  but  for  an 
ordmary  engineer's  smithy  the  anvils  weigh  about  4  cwt.,  and  cost 
about  J[fi,    Anvils  are  frequently  fixed  upon  a   block  of  timber. 
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which  absorbs  and  softens  the  concussion,  and  sometimes  on  cast- 
iron  stands  weighing  2  to  3  cwt,,  costing  from  ;£i  to  ^2.  Swage- 
blocks  are  made  of  cast  iron,  are  generally  rectangular,  are  perforated 
with  variously-shaped  holes,  and  have  grooves  on  the  sides  by  which 
the  smith  is  assisted  in  hammering,  shaping  and  twisting  the  iron 
he  is  forging;  and  the  blocks  serve  also  to  hold  loose  swages  or 
dies.  Thes»  blocks  weigh  from  2  to  6  cwt,  they  may  be  supported 
on  a  wooden  block,  or  on  a  cast-iron  stool  like  an  anvil  block,  and 
they  cost  from  £2  to  £\, 

Among  the  loose  tools  in  a  smithy,  iron  Hammers  with  steel  faces 
cost  about  id,  per  lb.,  and  steel  about  1 2d.  per  lb.  Swages  are  made  of 
wrought  iron  or  steel,  and  are  made  convex  or  concave  in  a  variety  of 
shapes.  These,  as  well  as  the  tongs  and  cutting-sets,  a  good  smith  will 
often  prefer  to  make  for  himself;  but  in  establishing  a  new  factory — 
especially  in  a  foreign  country  where  there  are  not  smiths  skilled 
enough  to  make  such  tools — it  is  usual  to  purchase  them.  Iron 
tools  cosi  about  6d,  per  lb. ;  steel  tools  i2d.  per  lb. ;  and  those  of 
iron  and  steel  combined,  ^d.  p)er  lb. 

Portable  forges  are  made  in  various  ways,  and  in  all  it  is  endea- 
voured to  obtain  the  maximum  capacity  with  the  smallest  weight  and 
size.  The  majority  of  small  forges  have  leathern  bellows — square  or 
round,  according  to  the  shape  of  the  forge — worked  by  a  hand-lever 
or  by  a  foot-treadle.  The  bellows  is  generally  made  double-acting, 
so  as  to  emit  a  blast  during  both  the  up  and  down  movements,  the 
current  of  air  to  the  fire  being  thus  almost  continuous.  Light  sheet- 
iron  forges  thus  equipped  with  bellows  cost  from  ;;^5  to  J[fi,  They 
are  known  as  **  deck  or  riveting-forges,"  and  are  generally  used  by 
ship-builders,  bridge-makers,  boiler-makers  and  gas-holder  makers,  for 
heating  rivets,  and  they  can  easily  be  carried  from  place  to  place. 
Such  forges,  as  generally  made,  are  cheap  and  fragile,  and  do  not 
last  long.  As  the  bellows  affords  only  a  small  blast,  attempts  have 
been  made  in  various  ways  to  apply  the  fan  or  blower.  As  it  is 
essential  that  a  fan  shall  revolve  at  a  high  speed,  quickly-running 
belts,  pitch-chains,  or  toothed  wheels  are  necessary,  which,  incon- 
venient at  all  times,  are  especially  unsuitable  and  liable  to  damage 
in  a  portable  forge.  The  blower  has,  however,  been  successfully 
applied,  and  forges  so  equipped  form  permanent  and  efficient  tools, 
suitable  not  only  for  heating  rivets,  but  for  ordinary  smith's  work  in 
factories  where  forgings  of  moderate  size  and  thickness  are  made,  or 
on  public  works  where  there  is  no  blast  from  a  fixed  blower  available. 
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These  forges  are  serviceable  in  the  engine-rooms  of  steam-ships,  for 
workshops  on  upper  floors,  and  in  all  places  where  a  large  or  brick- 
built  hearth  is  inconvenient.  The  forges  are  made  either  of  cast 
iron,  or  of  a  combination  of  cast,  malleable-cast,  and  wrought  iron,  and 
the  best  of  them  are  ingeniously  contrived  so  as  to  allow,  in  a  small 
space,  forgings  of  considerable  size  to  be  brought  to  welding  heat  in 
a  short  time.  The  forges  range  in  price  from  J[fi  to  ;^i6,  and  weigh 
from  I  to  6  cwt,  the  larger  size  being  capable  of  producing  a  welding 
heat  in  a  bar  2\  in.  diameter  in  five  minutes.  In  remote  places, 
where  occasionally  forgings  beyond  the  capacity  of  a  portable  forge 
have  to  be  made,  a  temporary  brick  hearth  can  be  built,  a  blower 
complete  with  hand-gear  being  alone  imported.  For  the  military  train  MUiury  forges 
of  an  army,  portable  forges  are  specially  made  to  resist  fracture,  and 
to  fold  up  into  small  space  for  carriage  on  the  pack-saddie  or  baggage- 
wagon. 


Steam-hammers  are  conspicuous  among  the  numerous  inventions,  steam-hammers, 
the  outcome  of  the  steam-engine,  by  which  the  ruder  operations  of 
the  workman  are  performed  by  mechanical  force. 

Various  mechanical  contrivances  for  aiding  or  cheapening  the 
forging  of  iron  were  in  use  long  before  the  introduction  of  steam- 
hammers,  but  such  contrivances  were  unsuitable  for  miscellaneous 
smiths*  works.  In  the  process  of  iron-making,  various  kinds  of  tilt  or  Tiit  hammer  for 
cam  hammers,  worked  by  steam  or  water  power,  were  devised  for  ^"'"  '"~'"*- 
compressing  and  hammering  the  "  blooms  '*  of  iron  before  they  were 
rolled  into  bars  or  plates.  The  power  was  applied  to  the  lifting  or  Limited  power, 
tilting  the  hammer  or  tup,  the  useful  work  being  performed  by  the 
falling  weight,  but  the  fall  seldom  exceeded  15  inches,  and  only 
about  fifty  blows  at  most  could  be  given  per  minute.  Moreover,  no 
adjusting  or  regulating  of  the  blows  was  possible,  and  it  was  diffi- 
cult to  apply  such  hammers  to  any  but  simple  processes  of  an  accus- 
tomed kind.  For  small  repetition  work,  such  as  the  making  of 
bolts,  spikes,  nails  or  rivets,  small  tilt  hammers  of  various  sorts  were 
in  use  a  hundred  years  ago ;  and,  with  slight  modification,  and  now 
sometimes  known  as  an  **  Oliver,"  the  same  kind  of  machine  is  still 
employed  by  the  numerous  craftsmen  and  home  workers  in  the 
hardware  districts ;  and  in  particular  trades  there  are  often  minor 
operations  in  a  smithy  where  tools  of  this  kind  may  be  employed 
with  advantage  if  steam  is  not  readily  obtainable,  especially  if  power- 
shafting  or  water  power  is  available  for  working  the  tools. 
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But  while  such  mechanical  contrivances  have  long  been  available 
for  such  simple  forms  of  forging  and  welding,  they  could  seldom  be 
applied  in  the  smithy  of  an  engineering  factory,  where,  before  the  in- 
vention of  the  steam  hammer,  the  only  means  of  forging  iron  in  large 
or  heavy  pieces  was  to  increase  the  number  of  men  wielding  striking- 
hammers.  From  two  to  six  men  would  be  employed,  so  as,  by  striking 
in  turn,  to  give  a  continuous  succession  of  blows.  Strons;  and  skilful 
as  these  workmen  became,  they  could  at  most  only  wield  hammers 
of  about  20  lbs.  each,  and  the  blows  fell  with  feeble  effect  on  the 
masses  of  iron  with  which  they  dealt.  Where  such  were  the  only 
means  available,  the  iron  had  to  be  heated  several  times ;  the  outlay 
for  fuel  was  therefore  great ;  the  strikers  were  idle  between  the  heats ; 
v/elding  of  large  or  heavy  pieces  was  imperfectly  performed  ;  and  as 
the  size  of  forgings  was  limited  by  the  force  available,  cast  iron  or 
timber  had  often  to  be  employed  in  structures  or  machinery,  where 
forged  wrought  iron  would  have  been  preferable. 

The  first  steam-hammers  by  Nasmyth  were  single-acting,  that  is  to 
ray,  the  steam  was  employed  only  to  lift  the  tup ;  but  heavier  hammers 
and  quicker  blows  were  at  once  rendered  possible.  The  special 
and  novel  feature  in  these  was  the  valve,  by  which  the  workman  could, 
by  admitting  steam  below  the  piston,  arrest  the  falling  weight  at  any 
desired  distance  from  the  anvil,  and,  by  interposing  what  is  in  effect 
a  cushion  of  steam,  make  the  blow  thus  shortened  at  will  also  light 
or  elastic.  The  single-acting  hammer  was  soon  improved  by  admit- 
ting steam  above  the  piston,  thus  adding  immensely  to  the  force  of 
the  blow ;  the  power  in  this  respect  being  indeed  only  limited  by 
exigencies  of  transport,  which  determine  the  size  and  weight  of  the 
framing,  and  by  the  stability  which  can  be  given  to  the  anvil  and  its 
foundations.  These  double-acting  hammers  at  once  revolutionised  the 
art  of  forging,  increased  the  size  of  blooms  and  slabs,  and  conse- 
quently of  bars  and  plates  in  the  rolling-mill,  cheapened  heavy  smiths' 
work,  and  rendered  possible  the  manufacture  of  the  enormous  engine- 
shafts,  rudder-frames,  armour-plates  and  other  articles,  where  large 
masses  of  steel  or  wrought  iron  have  to  be  dealt  with.  Single-acting 
hammers  are  quite  obsolete  in  most  engineering  factories,  but  they  are 
still  preferred  in  some  cases  for  use  as  large-size  heavy  forge  hammers, 
when  rapid  striking  is  not  required.  They  are  less  liable  than  double- 
acting  hammers  to  bre.^k  down. 

The  single-frame  hammer  is  the  most  convenient  for  smith's  work, 
as  it  affords  the  maximum  space  within  which  the  forging  may  be 
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moved.  The  workman  can  stand  either  in  front  or  at  the  side,  as  the 
shape  of  the  forging  or  the  nature  of  the  work  requires,  the  regu- 
lating handles  beins:  accessible  from  either  position.  The  greater 
the  distance,  a,  the  more  space  is  there  for  the  articles  dealt  with, 
and  a  blow  can  be  struck  or  a  welding  effected  at  a  greater  distance 
from  the  edge  of  the  article ;  this  being  occasionally  a  great  advan- 
tage. But  it  is  obvious  that  the  overhanging  cylinder  imposes  severe 
strains  on  the  framework  or  standard  of  the  machine,  which  in  this 
respect  may  be  compared  to  a  punching  or  drilling  machine,  where 
any  increase  in  the  depth  of  gap  rapidly  increases  the  strains  on  the 
framework.  Hammers  of  this  type  suitable  for  moderate-sized  forg- 
ings,  are  rated  at  from  ^  cwt.  to  lo  cwt ;  have  cylinders  ranging  from 
4  in.  to  12  in.  diameter;  weigh  from  i  to  8  tons  (including  anvil- 
blocks)  ;  and  cost  from  ^^50  to  ^200.  They  are  occasionally  made 
with  cylinders  as  large  as  15  in.  diameter,  and  are  rated  to  20  cwt. : 
they  then  weigh  up  to  17  tons,  and  cost  about  ^300;  but  beyond 
the  usual  limit  of  12  in.,  the  single  standard  or  support,  to  be  of 
sufficient  strength,  is  cumbrous  and  inconvenient,  and  the  double 
support  becomes  necessary. 

It  will  be  seen  that  the  double  form  of  machine  affords  a  greatly 
increased  capacity,  and,  as  already  stated,  the  limit  of  size  is  deter- 
mined by  such  circumstances  as  the  stability  of  foundations  to  receive 
the  shock,  and  the  carriage  of  heavy  pieces  from  the  manufactory, 
rather  than  by  any  difficulty  in  making  the  hammer  itself  sufficiently 
strong.  But  the  cost  of  such  machines  increases  rapidly  with  the 
size,  and  especially  with  the  width,  which,  however,  may  be  often 
advantageously  made  large  at  extra  expense.  Hammers  of  this  kind 
are  seldom  made  with  cylinders  of  less  than  10  in.  diameter,  with  a 
rating  of  7  cwt.,  a  machine  of  such  a  size  weighing  about  6  tons 
including  anvil-block,  and  costing  about  ;^i5o.  In  an  engineer's 
factory,  a  hammer  with  a  15 -in.  cylinder,  rated  at  20  cwt,  costing 
about  ^300,  is  seldom  exceeded;  and  if,  to  save  carriage  to  a 
foreign  country,  the  anvil-block  or  base-plate  be  omitted,  the  price 
would  be  about  ;^2oo.  Occasionally  50-cwt  hammers  are  used  for 
making  large  crank-axles,  although  in  many  cases  where  large 
forgings  are  only  occasionally  wanted,  it  is  better,  instead  of  at- 
tempting to  make  them,  to  purchase  them  from  those  who  confine 
themselves  to  the  manufacture  of  heavy  forgings.  It  is  in  iron  or 
steel  works  that  the  larger  steam-hammers  are  needed.  For  shingling 
iron  blooms,   a   process   preparatory    to    that   of  the   rolling-mill, 
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hammers  with  cylinders  of  about  19  in.  and  rated  at  not  less  than 
50  cwt.  are  usual,  such  a  hammer  costing  about  ;^6oo ;  while  for 
hammering  steel  ingots  into  blooms  of  a  size  usual  in  an  English 
steel-rail  factory,  a  100  cwt.  hammer,  with  a  cylinder  not  less  than 
28  in.,  would  be  required,  costing  about  ^^1200,  or  jj^soo  less  if 
the  anvil-block  or  base-plate  be  omitted.  From  this  size  upwards, 
hammers  are  generally  made  specially  for  ths  purpose  in  view,  the 
heaviest  being  those  used  in  the  manufacture  of  armour- pi Jites  and  big 
guns.  Some  of  these  hammers  are  rated  at  80  tons,  and  cost,  with 
anvil,  boilers  and  other  appurtenances,  ;£'6ooo  and  upwards.  In 
some  notable  cases  heavy  bed-plates  have  been  cast  in  situ  or  in  a 
contiguous  melting  funiace,  from  which  they  have  been  propelled  on 
rollers  to  their  position.  In  some  iron  and  steel  works  hammering  is 
almost  entirely  avoided,  steel  ingots  and  iron  blooms  being  reduced 
by  rolling  through  revolving  squeezers  or  cogging  mills,  or  by 
squeezing  or  cogging  in  powerful  hydraulic  presses.  Some  engineers, 
however,  still  prefer  iron  or  steel  which  has  been  hammered. 

Steam-hammers  have  been  generally  rated  according  to  the  weight 
of  the  falling  tup,  including  that  of  the  piston  and  rod,  which  of 
course  add  to  the  effect ;  but  it  is  obvious  that  the  mere  dead  weight 
of  the  falling  parts  gives  an  entirely  inadequate  idea  of  the  force  of 
the  blow,  which  depends,  not  only  on  the  velocity  arising  from  the 
depth  of  the  fall,  but,  in  double-acting  hammers,  on  the  steam - 
pressure  on  the  piston.  There  is  no  established  standard  or  measure 
by  which  to  rate  the  real  force  or  effect  of  a  steam-hammer,  and  it  is 
difficult  to  express  the  force  of  a  blow  in  terms  of  foot-lbs.,  because  the 
effect  of  velocity  on  different  weights  of  hammers  has  different  effects. 
The  energy  of  a  14-lb.  sledge  or  manual  striking-hammer  moving  at 
the  rate  of  15  ft.  per  second  is  approximately  equal  to  50  foot-lbs. 
A  I -lb.  hammer  moving  at  the  rate  of  56  ft.  per  second  would  have 
the  same  energy  stored  up  in  it,  but  the  impact  or  effect  on  a  piece 
of  hot  iron  would  not  be  the  same,  nor  would  a  repetition  of  blows 
from  the  lighter  hammer  produce  the  same  effect. 

Light  blows  take  effect  only  on  the  part  immediately  presented  to 
them,  while  a  heavy  blow  is  felt  by  the  mass.  Thus,  if  a  forging,  a, 
be  presented  to  a  light  hammer,  the  effect  will  be  as  at  b,  while  if 
struck  by  a  heavy  hammer  the  effect  will  be  as  at  c.  In  this  respect 
the  difference  between  hand  and  machine-riveting,  or  between  manual 
and  machine  pile-driving,  afford  analogous  cases. 

There  are  four  kinds  of  blows  which  can  be  given  by  a  double- 
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acting  steam-hammer ;  (a)  the  single-acting  blow  by  which  the  steam 
is  only  admitted  for  the  upward  stroke,  the  work  being  performed  by 
the  falling  weight :  {b)  the  above   method  controlled  or  cushioned 
by  the   admission  of  steam   below  the   piston   as   it   falls;  (c)  the 
pressure-blow  with  steam  above  the  piston,  but  cushioned  as  in  the 
second    method;   and   {d)   the   *'dead    blow,"   by   which    the    full 
pressure  of  the  steam  is  applied  above  the  piston  during  the  whole 
stroke,  and  alao  after  the  tup  has  fallen,  so  that  it  not  only  descends 
with  its  greatest  force,  but  remains  as  a  squeezer  on  the  forging.    The 
action  of  the  hammer  in  these  respects  is  entirely  controlled  by  the 
valve-lever,  and  by  one  man,  who  soon  becomes  able  to  regulate  the 
blows  with  greatest  nicety  to  the  purpose  in  view.     In  the  largest 
machines  the  workman  stands  on  a  small   platform  affixed   to  the 
side  of  the  framing,  and  in  smaller  machines  on  the  floor  of  the 
smithy.     In  all  but  the  smaller-sized  hammers,  there  is  a  driver  who 
works  the   valve-lever  of    the  machine,  under  the  orders  of  the 
hammer-man,  who   guides  and  controls   the   forging.     But   in    the 
smaller  machines  and  steam-stamps  the  hammer-man  is  himself  able, 
by  a  treadle-lever,  to  work  the  valve  with  his  foot.     Such  a  method, 
which  economises   the   cost   of  labour,   is  commonly  adopted   for 
light  forgings,  such  as  files,  cutlery  and  bolts.      A  velocity  at  the 
moment  of  striking  of  from  2c  ft.  to  27  ft.  per  second  is  generally 
found   most  effective  on  a  steam-hammer.     The  number  of  blows 
per  minute  ranges  from  40  per  minute  with   the   largest   hammer 
and  the  heaviest  forgings,  tp  300  and  400  per  minute  in  hammers  and 
stamps  of  small  size. 

The  concussion  to  which  a  steam-hammer  is  subjected  tends  in 
time  to  loosen  the  parts,  and  when  once  they  are  out  of  true  line, 
they  will  break  if  further  work  is  attempted.  To  resist  these 
loosening  strains,  the  cylinder  and  piston-guides  must  be  strongly 
and  exactly  fitted,  and  it  is  very  important  that  the  bed-plate  be 
missive  and  well  fitted  upon  the  foundation  ;  and  in  large  hammers, 
where  it  is  necessary  to  make  the  bed-plate  in  several  pieces,  they 
should  be  so  closely  fitted  and  held  together  by  bolts  or  keys  that 
they  cannot  be  shaken  loose.  The  standard*?  or  framing  should  be 
accurately  fixed  upon  the  bed-plate,  and  the  cylinder  and  piston- 
guides  placed  exactly  perpendicular,  and  attached  in  the  closest 
and  tightest  manner.  Standards  of  riveted  steel  are  sometimes  made, 
but  though  they  are  easy  to  construct  and  are  light  for  carriage, 
the  vibration  tends  to  loosen  the  rivets.     The  piston-rod  becomes 
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crystallised  by  constant  percussion,  and  has  periodically  to  be  renewed. 
The  piston-rod  is  best  made  of  high-quality  wrought  iron. 

Since  the  main  principles  of  the  single  and  double-acting  hammers 
Manufacture  of  were  adopted,  the  manufacture  of  such   machines  has   become  a 
specialty.        Specialty,  and  a  great  variety  of  shapes  and  sizes  have  been  devised 
for  special   trades   and   purposes.     The   shape  or  kind  of  steam- 
hammer  is  determined  by  the  purpose  to  which  it  is  to  be  applied  ; 
Shapes  and  sixes,  first,  in  regard  to  the  weight  or  mass  of  iron  to  be  dealt  with — the 

strength  of  the  framing  and  area  of  the  piston  beincj  so  decided  ; 
secondly,  by  the  form  and  dimensions  of  the  forgings,  which  render 
a  certain  shape  of  machine  preferable  or  necessary.  Where  the 
hammer  is  to  be  applied  to  articles  of  a  repetition  kind,  as  is  often 
the  case  in  special  trades,  the  machine  may  be  made  to  accord  very 
exactly  with  its  work ;  but  where,  as  in  an  engineer's  factory,  miscel- 
laneous articles  have  to  be  forged,  then,  in  order  to  admit  them, 
more  latitude  must  be  left  in  regard  to  the  shape,  size  and  situation 
of  the  machine. 

Stamp-hammers  of  a  special  kind  are  used  for  forging  small  articles 

in  dies,  and  are  mostly  used  for  repetition  work.     These  stamps  are 

322.  compact  in  shape,  have  cylinders  ranging  in  size  from  5  in.  to  15  in., 

Stamp-hammers,    and  COSt  from  j[fio  tO  ;^300. 

steam  The  Steam  consumftion  of  a  steam-hammer  depends  mainly,  as  in 

consump  ion.     ^  steam-engine,  on  the  diameter  and  stroke  of  piston,  the  degree  of 

expansion  or  cut-off  adopted,  and  the  average  number  of  strokes  per 
minute.  But  there  is  also  to  be  considered  the  length  of  time 
occupied  with  one  heat  of  the  forging,  for  a  great  force  may  have  to 
be  concentrated  into  that  period. 

Assuming  that  the  hammer  is  actually  working  for  ten  minutes  in 

each  hour,  the  number  of  strokes  in  that  time  would  afford  a  measure 

of  the  quantity  of  steam  required ;  where,  however,  it  is  important  to 

store  of  steam  for  Concentrate  a  certain  amount  of  work  into  one  heat,  more  steam  may 

hammering,      be  abstracted  from  the  boiler  than  would  be  consumed  in  that  period 

by  a  steam-engine  of  similar  dimensions,  and  it  may  be  necessary  to 

have  a  larger  boiler  which,  by  its  store  of  heated  water,  may  renew 

for  a  given  period  the  steam  that  is  abstracted  by  the  hammer.     The 

steam  worked    Steam  is  seldom  cut  off  to  work  so  expansively  as  in  a  steam-engine, 

expansive  y.      ^^^  ^^  strokes  of  the  hammer  are  often  more  rapid.     Moreover, 

the  hammer-valve  is  opened  and  shut  so  suddenly  as  to  render  the 

boiler  more  liable  than  an  engine-boiler  to  priming. 
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The  anvil  has  to  be  fixed  with  great  care  under  a  steam-hammer, 
so  as  to  receive  the  blows  fairly  and  in  a  right  line.  Sufficient  weight 
and  solidity  to  absorb  the  blows  are  afforded  by  heavy  anvils,  and  in 
the  larger  machines  elaborate  and  costly  foundations  are  necessary. 
Stone  or  large  masses  of  concrete  are  used  as  a  basis,  but  frequently 
timber  is  placed  immediately  below  the  anvil  base  plate  to  afford 
some  elasticity  to  the  blow  ;  this  plan  reducing  greatly  the  destruc- 
tive effect  of  the  blows,  both  on  the  anvil  and  the  foundation  beneath 
it.  The  limber  (oak  or  pine  are  usual  kinds)  is  laid  horizontally,  as 
there  is  liitle  elasticity  in  vertical  baulks,  but  sometimes  for  soft  or 
marshy  ground  a  solid  group  or  mass  of  piles  is  driven  to  make  a  firm 
foundation  below.  The  timber  is  carefully  adzed  or  planed  to  afford 
a  true  bearing  for  the  bed-plate.  Special  machines  have  been  devised 
for  planing  the  bed-plates  after  they  are  fixed  ;  and  in  the  case  of  the 
larger  hammers,  temporary  furnaces  have  even  occasionally  been 
erected  at  or  near  the  hammer,  so  that  the  anvil  and  base-plate, 
too  large  to  be  transported,  may  be  c:ist  in  situ. 

The  principal  points  to  notice  in  comparing  prices  of  steam- 
hammers  are  the  diameter  and  stroke  of  the  cylinder,  the  actual 
dead  weight  of  the  falling  parts  (the  rating  of  different  makers  may 
not  be  on  the  same  basis  in  this  respect)  ;  the  accuracy  of  the  fitting 
in  all  the  jointed  parts  ;  whether  the  bottom  of  the  framing  is  planed 
where  it  fits  upon  the  base-plate;  whether  the  base-plate  is  itself 
planed ;  and  the  material  of  which  the  tup  or  hammer  is  made. 
Wrought  iron  or  steel  is  best,  but  cast  iron  has  often  to  be  used  for 
hammers  rated  above  20  cwt.  because  of  the  expense.  In  small 
hammers  the  endurance  depends  also  on  whether  there  are  slides  or 
guides  to  the  hammer-head,  whether  the  anvil  is  separate  from  the 
Iraming,  and  is  machined  to  fit  exactly  into  the  base-plate. 

Hammers  made  too  cheaply  are  often  defective  in  some  of  the 
above  points,  and  their  rapid  deterioration  far  more  than  outweighs 
any  saving  in  first  cost.  Cheapness  is  sometimes  obtained  in  small 
hammers  by  casting  the  framing  and  anvil-block  in  one  piece ;  and 
sometimes  also  by  making  the  cylinder  and  the  framing  iu  one  piece, 
without  any  guides  for  the  piston-rod 

In  a  description  of  steam-hammers,  reference  may  be  made  to 
Forging-machines  driven  by  wheels  or  belts.  Such  machines,  known 
sometimes  as  power-hammers,  have  either  a  single  tup  or  have  a 
series  of  stamps  worked  by  cams  or  eccentrics,  and  capable  of  giving 
from  500  to  800  blows  per  minute.     In  the  making  of  small  light 
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How  used.  forgings,  such  as  those  for  fire-arms,  machines  of  this  sort  are  very 
useful  for  reducing  rapidly  the  size  of  the  piece  of  iron  presented  to 
them.  The  shape  of  the  various  stamps  can  be  varied,  so  that  the 
smith  has  in  effect  a  variety  of  tools  to  work  with ;  or,  by  placing  the 
forging  below  each  stamp  in  turn,  it  may  be  brought  down  to  the 
required  size.  Machines  of  this  sort  range  in  price  from  ;£ioo  to 
^200,  and  require  about  one  horse-power  to  work  them.  In  other 
cases  small  forgings  are  shaped  in  dies  by  a  few  blows  from  a  falling 
tup,  which  is  lifted  by  a  power-pulley  to  a  height  and  at  a  speed 
determined  by  the  workman,  who  pulls  a  lever  for  each  blow. 

Design  and  choice,        The  most  appropriate  steam-hammer  for  any  particular  purpose  can 

be  designed  or  chosen  only  on  the  basis  of  the  following  information. 

Purpose.  1.  The  nature  of  the  Trade  2JiA  the  average  and  maximum  size 

and  weight  of  the  forgings  to  be  made.     If  the  forgings  are,  in  regard 

to  shape  and  size,  to  be  constantly  alike,  a  hammer  may  be  specially 

designed  to  suit  them. 

Arrangement  of         2.  A  Plan  of  the  Smithy,  showing  the  doors  and  windows,  the 

ami   y.         yarious  hearths,  furnaces,  cranes  and  other  accessories,  or  the  places 

See  €Uto page  ^^^,  »  '  7  .  r 

available  for  them ;  also  the  capacity  and  position  of  the  boiler  for 
supplying  the  hammer  with  steam,  or  the  direction  from  which  the 
steam-pipe  will  be  brought  If  no  contiguous  boiler  is  available,  the 
hammer  can  be  worked  by  compressed  air  brought  a  considerable 
distance  from  the  storage-container  of  an  air-compressor,  which  may 
be  worked  as  well  by  water  as  by  steam.  Where  the  work  is  inter- 
mittent, this  plan  may  be  cheaper  thah  the  keeping  warm  of  long 
lines  of  steam-pipes.  Not  only  a  plan  but  a  vertical  section  of  the 
smithy  should  be  supplied,  showing  the  height  available.  It  is 
obvious  that  information  on  these  points  is  needed,  to  allow  of  the 
valve-levers  being  put  in  the  most  convenient  places,  and  to  afford 
the  most  convenient  access  for  forgings  and  for  the  erection  of  the 
necessary  cranes. 

Foundation  3.  The  nature  of  the  Foundations  on  which   the   hammer  and 

anvil  are  to  rest,  and  the  solidity  of  the  walls  of  the  smithy  and 
neighbouring  walls  to  resist  concussion.     If  there  is  no  suitable  stone 

S€epageZA,<^       in  the  neighbourhood,  the  expediency  of  sending  with  the  hammer 
Portland  Cement,  cement  for  making  concrete  should  be  considered,  or  the  cost  of 

timber  piles  and  pile  driving. 

4.  The  facilities  for  Transport^  and  the  maximum  size  and  weight 
of  the  pieces  that  can  be  carried  to  the  site. 
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5.    The  likelihood  of   Objection  to  the  h:iramer  on  the  score  of       Workinjr  of 

^.  .  1  •    .     ■      ji     1  1        hammers  objected 

nuisance.     The  noise  and  concussion   mav  be  minimised,  but   the  to. 

working  of  large  steam-hammers  is  generally  prohibited  in  the  central 
parts  of  large  cities. 


Circular  saws  for  cutting  hot  bars  of  iron  or  steel  are  often  found 
useful  in  engineering  factories,  though  they  are  made  principally  for 
rail  and  bar-iron  rolling-mills.  The  saws,  which  are  made  of  special 
steel,  range  from  30  in.  to  60  in.  diameter,  and  run  at  velocities  of 
from  2000  to  4000  periphery-feet  per  minute.  In  some  cases  the  bars 
to  be  cut  are  moved  against  the  saw ;  in  others,  the  framing  which 
carries  the  saw  is  suspended  like  a  pendulum,  and  the  revolving  saw 
moves  forward  against  the  bar. 


Circular  hot- 

8a>V8. 


See  also  ^ge  757, 
Cold  Saws. 


Hydraulic  smii king-machines  are  better  suited  than  steam-hammers 
to  some  of  the  processes  of  fashioning  iron  or  steel  into  shape  while 
hot,  the  steady  pressure  of  a  hydraulic  ram  having  an  effect  quite 
unlike  that  of  the  percussion  of  a  steam-hammer  on  an  anvil.  Steel 
ingots  or  iron  blooms  can  be  squeezed  down  into  slabs  preparatory 
to  rolling,  and  forgings  of  awkward  shape  may  be  so  pressed  in  dies. 
The  bending  of  T,  L  or  u  iron  stiffeners  for  girders  or  ships*  frames 
also  exemplifies  the  kind  of  work  to  which  the  hydraulic  press 
is  well  applied  in  a  smithy.  By  means  of  dies  or  swages  the  same 
press  can  be  adapted  to  a  great  variety  of  shapes.  As,  with  a  working 
pressure  of  2000  lbs.  to  the  square  inch,  a  ram  of  9  in.  diameter 
will  exert  a  force  of  50  tons,  it  is  obvious  to  what  important  uses 
such  power  can  be  applied.  A  50  ton  press  with  a  stroke  of  i  ft., 
complete  with  pumps,  accumulator  and  pipes,  but  exclusive  of  motive 
power,  dies  or  swages,  costs  about  ;£^4oo.  If  the  pressing  operation 
is  only  performed  thirty  times  per  hour,  an  engine  of  3-horse  power 
would  suffice  for  pumping  up  the  accumulator,  or  that  amount  of 
power  would  be  abstracted  from  a  line  of  shafting  running  for  general 
purposes.  There  is  hardly  any  limit  to  the  size  and  weight  of  these 
machines,  some  of  which  impose  a  pressure  of  5000  tons.  Hydraulic 
presses  may  be  used  in  combination  with  the  steam-hammer,  giving 
the  final  and  exact  shape  to  forgings  hammered  approximately  into 
form,  or  may  be  used  for  "  upsetting"  a  forging  which  is  afterwards 
finished  under  the  steam-hammer.  This  combination  of  meihorls  is 
well  exemplified  in  the  manufacture  of  links  or  *•  eye-bars  "  for  bridges, 
more  usual  in  America  than  in  England. 

3  K 


Hydraulic 
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press. 


Accumulators. 
See  ^agv  492. 
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Flanging-presses. 


Pressing  of 
carriage -frames. 

Steel  sleepers. 
See  page  67  x. 


Electric  welding. 


Transformers. 
See  page  265. 


Power  required. 


Another  method. 


Flanging'prcsses^  for  dishing  the  end  plates  of  boilers,  are  in 
common  use  in  all  important  factories,  and  the  same  process  is 
applied  to  the  frame-plates  of  small  bogie  carriages,  and  even  to  the 
frame-plates  of  locomotives.  So  also,  steel  railway  sleepers  and  floor- 
plates  for  bridges  may  be  conveniently  pressed  in  hydraulic  dies. 
Machines  for  the  above  purposes  are  expensive,  because  they  have 
to  deal  with  a  considerable  area  of  iron  or  steel.  Numerous 
cylinders  and  rams  are  necessary,  and  the  framework  of  the  machine 
has  to  be  massive  to  resist  the  strains  imposed. 

Electric  weldings  which  may  be  more  correctly  designated  as 
electric  heating,  may  be  sometimes  used  with  advantage  where  the 
pieces  are  of  moderate  size,  and  where  the  repetition  is  sufficient 
to  repay  the  cost  of  special  accessories.  The  apparatus  consists 
primarily  of  an  electric  "transformer"  (worked  by  a  steam-engine  or 
other  motor)  for  producing  by  induction  a  cunent  of  large  volume 
but  very  low  voltage.  The  current  passing  through  the  articles  to  be 
treated,  the  resistance  to  the  low-voltage  current  rapidly  makes  the 
adjacent  parts  white  hot.  The  heating  is  rapid  and  clean,  and  the 
parts  to  be  welded  are  pressed  together  by  hydraulic  or  screw  power 
when  white  hot.  For  the  short  time  during  which  the  actual  heating 
takes  place  considerable  force  is  necessary,  which  may  be  stated 
approximately  as  40  brake  horse-power  per  square  inch  of  sectional 
area  of  the  iron  heated  The  process  as  above  described  is  applic- 
able to  bars,  and  is  useful  for  occasional  welding  in  a  workshop 
where  a  smith's  forge  would  be  inconvenient  Although  the  weld  is 
strong  it  hardens  the  adjacent  parts,  which  should  therefore  be 
annealed.  Another  method  is  that  by  which  an  electric  arc,  concen- 
trated on  the  edges  of  sheets,  brings  them  to  a  welding  heat;  or,  if 
inserted  in  the  flaw  hole  of  a  steel  casting,  so  heats  it  as  to  allow  of 
molten  metal  being  poured  in,  which  renders  the  defective  place 
again  homogeneous. 


\St'e  also  The  Establishment  of  Factories:   The 
Transmission  of  Power  :   Machine  Tools.] 
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CHAPTER    XXVII. 

CkANES.      STEAM,   HYDRAULIC   AND   ELECTRIC   CRAXES. 

Public  works  and  the  imns- 
port  of  merchandise  on  the 
scale  of  the  present  day  are 
only  rendered    possible  by 
the  cranes  which  are  avail- 
able :  and  their  manufacture 
ranks  with  tliat  of  machine 
tools  as  one  of  the  principal 
trades    on    which   engineers 
depend.     The  catalogues  of 
manufacturers       sufficiently 
enumerate  the  various  kinds  ol  cranes  that  are  made  for  ordinary 
purposes  and  for  moderate  weights;  but  the  diversity  which  affords    1 
so  wide  a  choice  to  the  engineer  is,  in  itself,  often  a  cause  of  difficulty 
for  want  of  some  analysis  of  the  different  methods  employed,  and  of 
the  s]>ecial  circumstances  which,  in  particular  cases,  make  one  kind 
rather  than  another  applicable. 

The  various  lifting  apparatus  included  in  the  generic  appellation 
of  Craurt  may  for  conveniemce  be  first  <livided  into  three  principal    1 
categories,  as — 

1.  Derricks  and  sheers. 

2.  Jib-cranes. 

3.  Overhead  cranes  and  travelling  gantries. 

Even  these  broad  distinctions— though  embr.icing  the  great  majority 
of  hoisting  apparatus— are  instiflicient ;  for  there  are  hybrid  cranes 
which  come  partly  within  each,  and  there  is  also  the  necessary 
rlassificition  .iccordinij  to  the  motive  power — manual,  steam,  hydraulic 
or  electric.     Moreover,  cranes  of  whatever  kind,  if  for  lifting  weights 

3  E   2 
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Derricks. 


Light  pole 
derrick. 


Stability  depends 
on  guy- ropes. 

Power  from 
wfinch. 


Cost  of  hoisting- 
crabs. 

See  also  page  794. 


over  20  tons,  need  separate  consideration,  as  also  do  portable  as 
distinct  from  fixed  cranes. 

The  simple  Derrick,  which  is  the  most  primitive  kind  of  hoisting 
apparatus,  may  be  considered  rather  as  a  substitute  than  as  in  itself 
a  crane,  and  it  is  seldom  used  except  for  such  temporary  work  as  the 
lifting  into  place  of  girders  or  roofs.  And  although  for  such  purposes 
the  weights  lifted  seldom  exceed  lo  tons,  weights  as  heavy  as  50 
tons  may  be  lifted  by  one  derrick-mast  or  baulk  of  timber,  if  occa- 
sion requires  it.  The  use  of  the  single  derrick  is  greatly  limited  by 
the  necessity  of  keeping  it  nearly  vertical,  a  condition  which  indeed 
puts  it  outside  a  strict  category  of  cranes.  The  ordinary  derrick  is 
a  spar  or  mast,  square  timbers  being  employed  only  where  a  round 
mast  cannot  be  conveniently  obtained ;  a  fir  scaffold-pole  suffices 
for  light  weights  and  moderate  lifts.  A  bundle  of  such  poles  is 
often  lashed  together  to  form  a  longer  or  stronger  derrick  than  a 
single  one  affords ;  but  it  is  always  better  to  have  one  strong  mast 
than  such  a  compound  substitute. 

While  the  load  is  supported  by  the  mast  or  pole,  the  stabilit)'  of 
the  apparatus  depends  entirely  on  the  guy-ropes,  of  which  there  must 
be  at  least  three.  The  hoisting  power  is  obtained  from  a  crab  or 
winch,  which  for  safety  to  the  workmen  should  be  at  a  distance  of 
not  less  than  the  height  of  the  derrick ;  and  the  chain  from  the  winch- 
barrel  is  taken  through  a  snatch-block  at  the  foot  of  the  derrick  to  a 
set  of  sheave-blocks  at  the  top,  the  power  being  multiplied  and  the 
speed  of  lift  diminished  in  the  usual  way  according  to  the  number 
of  pulleys.  A  derrick  is  often  used  in  the  erection  of  structures 
because  of  its  portability,  and  while  it  is  movable,  the  winch  may 
be  kept  stationary,  the  chain  being  led  in  various  directions  by  pulleys 
and  snatch-blocks.  An  ordinary  hoisting-crab  or  winch  for  working 
by  hand  costs  from  ^5  to  ^20,  according  to  its  power,  but  if 
equipped  with  a  steam-engine,  from  jQ6o  to  ;£ioo,  and  if  with  a 
boiler  also,  the  prices  range  from  ^100  upwards. 

When  two  poles  or  masts  are  used,  the  name  of  Sheers  is  generally 
substituted  for  that  of  derrick  ;  two  guy-ropes  only  are  needed.  The 
sheers  may  be  inclined ;  and  by  altering  the  inclination  they  may 
serve,  to  some  extent,  the  part  of  a  moving  jib  or  wharf-crane  in 
transferring  goods  which  are  being  hoisted,  thus  bringing  the  apparatus 
within  the  definition  of  a  crane.  As  the  sheers  have  lateral  stability, 
one  guy-rope  before  and  one  behind  suffice,  but  if,  as  at  the  end  of 
a  jetty,  there  is  no  place  for  a  forward  guy-rope,  then  a  pole  must  be 
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substituted  for  the  hinder  guy-rope.  Sheers  of  this  sort  are  some- 
times preferred  to  fixed  cranes  where  hoisting  has  seldom  to  be 
performed,  because  the  apparatus  is  cheaper  and  can  be  more  easily 
removed  than  a  crane.  Except  for  the  simplest  cases  and  for  very 
small  weights,  the  winch  gear  is  entirely  separate  from  the  sheers ; 
for  there  is  not  much  room  on  the  sheer  legs  for  a  barrel  or  drum  of 
proper  size,  and  a  small  barrel  is  to  be  avoided  if  possible. 

Derrick-poles  and  sheers  are  generally  made  by  the  user  from  the 
most  suitable  timber  obtainable  in  the  locality ;  the  winch,  chain, 
snatch-block  and  set  of  sheave-blocks,  which  complete  the  apparatus, 
being  separate  articles  to  be  purchased.  The  best  pieces  of  timber 
are  generally  selected  for  derrick-poles,  and  the  price  rapidly  ad- 
vances with  their  size,  so  that  when  a  mast  25  ft  long  could  in 
England  be  purchased  for  2s,  per  cubic  foot,  one  50  ft.  long  would 
probably  cost  3^.,  and  one  70  ft.  long  ^s.  per  cubic  foot. 

The  principle  of  the  derrick  and  sheers  has  been  elaborated  in 
various  ways  and  adopted  for  different  kinds  of  permanent  cranes. 
Lofty  sheers  for  the  masting  of  vessels  are  a  notable  example,  as  also 
are  those  (generally  formed  of  three  masts)  used  at  docks  for  hoisting 
pieces  or  packages  weighing  more  than  20  tons  into  ships.  In  these 
cranes  the  masts  are  made  of  hollow  wrought  iron  or  steel,  and  are 
hinged  at  the  foot,  so  that  the  inclination  can  be  so  altered  as  to 
transfer  the  load  from  a  ship's  hold  to  the  landing-quay.  This  can 
be  performed  by  pulling  back  the  foot  of  the  hinder  mast  by  a  hori- 
zontal screw  moved  by  a  steam-engine,  or,  where  there  is  not  suffi- 
cient ground  space  available  for  the  horizontal  method,  by  pulling 
the  foot  of  the  hinder  mast  down  below  the  ground  level  as  into  a 
well.  But  as  by  neither  of  these  methods  is  the  hinder  member  of 
the  derrick  pulled  directly  in  the  desired  line,  a  third  method  has 
also  been  adopted  (Fig.  238)  by  which  the  pulling-back  force  is  better 
applied. 


See^gejfi^ 


Timber  sheers. 


Cost. 


Permanent 
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338. 


The  great  majority  of  cranes  are  those  with  projecting  jibs,  the 
name  of  crane,  indeed,  originally  having  been  given  to  apparatus  of 
this  kind.  The  various  types  now  in  use  may  be  best  described  by 
classifying  them  according  to  the  method  of  giving  stability  to  the 
jib.  On  this  depends,  to  a  large  extent,  the  general  construction  of 
the  cranes ;  and  as  the  choice  of  crane  depends  mainly  on  the  local 
circumstances,  which  may  make  one  method  rather  than  another  pro- 
fitable or  convenient,  it  is  one  of  the  leading  points  to  be  considered. 


Cranes  with 
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See  also  pa ^f  471. 


Assuming  that  the  vertical  post  of  a  crane  has  a  bottom  pivot  on 
which  to  rest  and  turn,  the  stability  to  withstand  the  leverage  of  the 
jib  when  pulled  downwards  by  a  load  is  obtained  either — 

(a)  By  continuing  the  vertical  post  to  a  pivot  a,  so  low  down  that 
it  can,  as  one  end  of  a  lever  a,  b,  c,  working  on  the  fulcrum  b, 
withstand  the  downward  pull  at  d.  The  post  may  either  revolve  on 
its  pivot,  or,  as  is  more  usual,  the  lower  part  of  the  post  may  be  fixed, 
and  the  crane  made  to  turn  on  it  (see  also  Fig  245). 

(b)  By  holding  the  vertical  post  at  an  upper  pivot  e  as  well  as  at 
the  lower  pivot  f,  the  loaded  jib  being  then  supported  like  the  end 
of  a  cantilever  bracket  (see  also  Figs.  246,  247,  248). 

(c)  By  anchoring  back  the  top  of  the  vertical  post,  either  by  means 
of  a  rigid  backstay  g  to  some  independent  structure,  such  as  a  wall, 
or  to  the  ground,  or  to  the  base  of  the  crane  itself  (Figs.  242,  243), 
so  elongated  as  to  afford  a  sufficient  angle ;  or,  if  the  distance  be  too 
great,  or  no  convenient  support  for  a  rigid  backstay  be  available,  by 
means  of  wire  ropes  (Fig.  249). 

{(I)  By  balancing  the  jib  and  its  load  by  a  weight  w  behind  the 
vertical  post,  this  method  of  counterpoise  being  often  combined  with 
methods  a  and  c. 

The  advantages  and  drawbacks  of  the  above  methods  may  be 
further  elucidated  as  foljows.  The  plan  (a)  of  continuing  the  crane- 
post  or  the  pivot  on  it  which  turns  to  a  bearing  below  the  ground  is 
suitable  for  permanent  wharf-cranes  where  no  overhead  support  is 
available,  the  expense  of  the  foundation  being  justified  by  the  un- 
obstructed space  which  is  left  at  and  above  the  ground-level.  The 
depth  of  post  which  will  suffice  depends  on  the  weight  to  be  lified. 
Thus,  for  weights  up  to  3  tons,  sufficient  stability  may  be  obtained 
from  one  pivot  resting  on  and  revolving  in  a  wide  base-plate  on  the 
ground-level.  A  crane  of  this  sort  costs  from  jQ^o  to  ;^ioo.  But  for 
wharf-cranes  of  more  than  3  tons  capacity,  the  vertical  post  is 
generally  taken  down  below  ground  to  a  depth  of  from  4  to  10  ft 
Such  cranes  cost  from  ^120  for  3  tons  to  ^500  for  one  of  15  tons  ; 
but  if  fitted  with  steam-engine  and  boiler,  these  prices  are  more  than 
doubled. 

In  good  solid  ground,  a  pit  may  be  excavated,  and  an  iron  casting 
for  holding  the  pivot  built  into  masonry  or  concrete.  Or,  on  loose 
ground,  piles  may  be  driven,  a  space  excavated  within  and  enclosed 
with  sheet-j)iling,  and  a  solid  mass  of  concrete  filled  in  below  and 
around  the  ironwork  of  the  crane.     Or,  groups  of  piles  or  cylinders 


Part  II.] 


Cranes. 


791 


may  be  sunk,  as  in  a  bridge  pier,  and  the  pivot  supported  on  cross- 
beams, which  are  sometimes  then  embedded  in  concrete.  Occa- 
sionally, in  difficult  cases,  such  as  in  loose  or  marshy  soil,  the  cost  of 
foundations  bears  a  high  proportion  to  the  cost  of  the  crane,  and 
renders  the  consideration  of  other  kinds  of  cranes  expedient. 

Where  a  crane  is  to  be  fixed  on  an  iron  landing- pier,  a  central 
cylinder  may  be  braced  to  smaller  surrounding  cylinders  or  screw- 
piles  and  to  the  contiguous  structure.  It  may  be  said  generally  that 
wharf-cranes  are  the  most  expensive  kind  of  cranes. 

if)  Cranes  with  a  vertical  post  pivoted  at  the  top  as  well  as  at  the 
bottom  are  the  cheapest  kind  when,  as  is  usually  the  case,  some  existing 
structure  is  available  for  the  upper  support  Thus,  in  a  foundry 
the  crane  is  pivoted  at  the  top  to  one  of  the  roof-beams,  strengthened 
and  stayed  for  the  purpose;  in  a  smithy,  to  the  wall  (Fig.  247); 
in  a  warehouse  or  engineer's  workshop,  either  to  a  wall  or  to  a  roof- 
supporting  column.  In  the  latter  case,  the  column  may  serve  as  the 
crane  post,  the  horizontal  jib  of  the  crane  grasping  the  column  at  a 
recess  or  neck  made  for  the  purpose.  This  arrangement  somewhat 
resembles  that  by  which  a  radial  drilling-machine  revolves  on  a 
column.  Cranes  held  at  the  top  of  the  vertical  post  are  more  suit- 
able than  any  other  kind  for  the  horizontal  jib  which  is  necessar)'  in 
a  foundry  or  smithy,  to  allow  the  moving  carriage  a  from  which  the 
load  is  suspended  to  be  traversed  or  "  racked  "  in  and  out — a  most 
imix)rtant  and  necessary  operation  where  the  crane  is  so  employed. 
For,  if  a  crane  have  a  slanting  jib,  which  is  generally  the  case  in 
classes  a^  c,  and  dy  the  radial  distance  of  the  load  from  the  vertical 
post  can  only  be  altered  by  raising  and  lowering  the  jib — a  method 
which,  though  sometimes  appropriate  and  convenient  in  a  wharf-crane, 
is  quite  unsuitable  where  the  traversing  must  be  exactly  regulated 
without  alteration  in  height  In  foundry-cranes  the  winch-gear  and 
chain-barrel  are  attached  to  the  vertical  post,  and  hand  power  is  gene- 
rally employed,  although  for  lifting  heavy  weights  a  steam-engine,  or  an 
electric  "  driver,"  or  hydraulic  power  can  be  employed.  Foundry- 
cranes  are  often  made  of  wood,  and  range  in  price  from  ;»{^ico  for  a 
4-ton  crane  to  ^200  for  a  lo-ton  crane.  If  made  of  iron,  the  cost 
ranges  from  jQioo  for  a  5 -ton  crane  to  ;;^5oo  for  a  20-ton  crane. 

In  a  smithy-crane,  for  weights  up  to  5  cwt,  winch  gear  is  seldom 
employed,  hand-power  beihg  sufficiently  multiplied  by  sheave-blocks 
suspended  from  the  travelling  carriage.  P^or  large  smithy-cranes — 
those,  for  instance,  wliich  are  adjuncts  to  steam-hammers— the  power 


Cranes  on 
landing-piers. 

See  page  131. 


Cranes  with  an 
upper  pivot. 


346. 
Foundry-crane. 


5V«  Drills,/  ^744* 


347- 
Smithy-crane. 


792 


Mathesofis  Aid  Book.        [Chap.  XXVII. 


348. 

Warehouse-crane. 
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350. 


Temporary  cranes 
for  public  ivorks. 


Lifting  power 

according  to  angle 

of  jib. 


is  generally  brought  from  the  outside,  either  from  steam-driven  winch- 
gear  or  hvdrauHc  apparatus,  and  is  led  through  guiding-pulleys  to. 
and  along,  the  horizontal  jib.  A  similar  plan  is  also  usual  for  cranes 
ot  this  class  used  in  warehouses  and  workshops  ;  small  water-engines 
or  gas-engines  being  often  employed  as  motors.  Light  *'whip" 
cranes  for  lifting  weights  up  to  \\  tons  are  often  made  on  this  plan. 

(c)  Stabihty  of  jib,  afforded  by  one  or  more  stays  anchored  to  a 
fixed  structure  or  to  an  elongated  base,  has  the  advantage  of  making 
the  crane  independent  either  of  insertion  in  the  ground  on  a  solid 
foundation,  as  in  method  <i,  or  of  an  upper  support,  as  in  method  b. 
Indeed  in  some  cases  rigid  struts  are  avoided,  and  the  space  they 
occupy  saved,  the  staying  being  entirely  by  iron  or  steel  wire  ropes 
and  if  points  of  attachment  are  available  on  every  side  the  jib  may 
revolve  freely.  This  plan  is  often  adopted  in  America  for  cranes 
elevated  on  lofty  staging,  distant  supports  being  then  available  for 
the  wire  ropes.  But  in  England,  rigid  struts  or  stays  of  timber  are 
preferred,  and  the  horizontal  or  inclined  backstay  may  be  anchored 
to  a  tree  or  wall ;  but  as  convenient  points  of  this  sort  are  not  often 
available,  it  is  more  usual  to  anclior  the  back  members  to  the  base 
of  the  crane  itself,  prolonged  for  the  purpose.  Cranes  of  this  sort 
are  very  useful  on  public  works  where  a  temporary  hoisting  apj^a- 
ratus  is  required,  or  one  which  can  be  moved  from  place  to  place ; 
and  they  are  also  convenient  where,  from  the  loose  nature  of  the 
ground,  foundations  would  be  dilTicult  \  or  where,  as  on  a  landing- 
jetty  or  elevated  staging,  there  may  be  nothing  above  or  below  the 
platform  for  supporting  the  vertical  posts.  Subject  to  various  modi- 
fications, the  cranes  are  made  with  two,  and  sometimes  three,  hori- 
zontal members  framed  together,  and  so  extended  as  to  afford  points 
of  anchorage  for  two  inclined  back  members,  e,  f  ;  the  upper  pivot 
of  the  vertical  post  being  thus  stayed  with  a  favourably  wide  angle 
at  A.  Such  a  crane  has  in  itself  sufficient  stability  for  moderate 
weights ;  but  when  heavy  weights  have  to  be  lifted  it  is  usual  to 
increase  the  stabihty  by  loading  the  base  members  either  by  the 
weight  of  a  steam-winch  and  boiler,  or  with  stone  or  kentledge,  or  by 
tying  them  to  the  ground,  additions  of  this  kind  bringing  the  crane 
into  category  d  (Figs.  242,  243).  The  inclined  jib  is  hinged  at  the  heel 
c,  so  that  by  means  of  the  back  chain  b,  which  holds  it  to  the  vertical 
post,  it  can  be  raised  or  lowered  to  alter  the  radius.  The  lifting 
power  becomes  greater  as  the  point  g  is  drawn  back,  and  the  pro- 
cess of  lifting  may  be,  and  often  is,  partly  performed  by  thus  drawing 


Part  II.] 


Cranes, 


793 


back  the  jib.  As  will  be  seen  from  the  plan,  a  crane  of  this  sort 
commands  a  radius  of  three-fourths  of  a  circle ;  but  in  practice  it  is 
seldom  effectual  for  more  than  two-thirds — a  range  wide  enough  for 
the  majority  of  purposes ;  and  the  design  of  the  crane  and  the  dis- 
position of  the  stays  must  be  such  as  to  afford  sufficient  stability  for 
any  position  of  the  jib.  Cranes  of  this  sort  are  often  substituted  with 
advantage  for  overhead  travelling  cranes  or  gantries,  compared  to 
which  they  are — especially  on  elevated  stagings — generally  cheaper 
and  more  convenient.  These  cranes  are  extensively  used  ;  they  com- 
mand a  wide  area,  have  a  high  lift,  the  radius  can  be  varied,  and  the 
cranes  are  cheap.  They  have,  however,  the  inconvenience — which 
sometimes  prohibits  their  use — of  occupying  much  space.  The 
prices  range  from  jQ^o  for  a  i-ton  crane  with  25  ft.  radius  to  jQiS^ 
for  a  5-ton  crane  wiih  35  ft  radius.  If  an  engine  and  boiler  be 
added  (which  may  be  utilised  as  a  balance-weight)  the  prices  would 
range  from  ;^  180  to  ^£"450. 

(d)  Stability  of  jib  afforded  by  a  Baiance-wnght  is  one  of  the  com- 
monest methods,  and  is  especially  useful  in  a  movable  crane  where 
no  permanent  anchorage  is  possible.  The  winch-gear  is  so  placed 
that  its  weight  is  effectual,  and  in  a  steam-crane  the  weight  of  an 
engine  and  boiler,  and  sometimes  also  of  a  feed-water  tank,  is  often 
added  to  make  up  the  required  stability.  In  stationary  cranes  the 
balance-weight  may  be  permanently  fixed,  but  where  the  crane  is  on 
a  movable  truck,  as  in  a  factory  yard  or  on  a  railway,  the  weight  can 
be  drawn  inwards  when  travelling,  and  the  jib  lowered  for  passing 
under  bridges  or  doorways.  On  a  railway,  of  course,  the  width  of 
gauge  is  established,  and  the  crane-carriage  must  be  arranged  accord- 
ingly. As  the  length  of  the  wheel-base  is  generally  greater  than  the 
width,  which  is  of  course  limited  by  the  gauge,  a  crane  stable 
enough  when  the  jib  is  in  a  line  with  the  rails  may  overbalance  when 
projecting  sideways,  and  anchorage  to  the  rails  may  be  necessary. 
But  when  the  crane  is  thus  attached,  care  must  be  taken  that  the 
permanent-way  be  not  disturbed,  and,  if  necessary,  the  rails  must  be 
weighted.  Even  the  standard,  or  4  ft.  8^  in.  gauge,  is  not  sufficient 
for  cranes  lifting  more  than  3  tons,  without  any  other  support  than 
their  own  widtli  of  base  and  weight  allow.  But  sometinies  cranes 
are  wanted  on  the  m^tre  or  3  ft.  6  in.  gauge,  and  such  a  width  is 
insufficient  even  for  the  weight  of  the  unloaded  jib  when  projecting 
sideways,  and  the  crane  must  be  so  propped  or  anchored  during 
lifting  as  to  be  in  effect  a  fixed  or  stationary  crane.     This  is  gene- 
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Stroiif  cranes  on 
>vide  gauge. 

See  aUo  page  808. 


rally  effected  by  means  of  two  light  projecting  beams  clipped  to 
the  crane-carriage  and  packed  or  propped  at  the  outer  ends,  the 
packing  pieces  being  so  arranged  as  to  be  readily  withdrawn  when 
the  crane  has  to  be  moved.  When  the  rails  have  to  be  laid  down 
specially  for  the  crane,  a  widih  of  5  ft.  should  be  provided  for 
lifting  weights  of  from  2  to  5  tons;  a  width  of  from  8  to  10  ft.  for 
weights  of  from  8  to  15  tons;  12  or  14  ft  for  weights  between 
15  and  20  tons;  and  16,  18,  or  even  wider  gauge  for  still  heavier 
loads,  although  these  gauges  may  be  slightly  narrowed  if  the  full 
space  is  not  available. 


Jib-cranes  made 
of  wood  or  iron. 
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smaU  power. 


Iron  jibs. 


"Wooden  jibs  for 
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Sec  page  809. 
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Double  power. 


Jib-cranes  are  made  either  of  wood  or  iron,  and  even  in  cranes 
otherwise  of  iron  the  jib  is  frequently  made  of  wood,  which  is  well 
suited  to  the  compression  and  side-strains  to  which  it  is  subjected. 
In  beginning  to  lift  a  heavy  weight,  the  inertia  to  be  overcome  causes 
severe  side-strains  on  the  jib,  which,  though  strong  enough  to  sustain 
the  suspended  load,  might  be  twisted  sideways  and  broken.  Wooden 
jibs  have  been  generally  preferred  for  cranes  up  to  2  tons ;  between 
2  or  8  tons  wood  or  iron  has  been  used ;  but  for  cranes  of  all  sizes 
up  to  8  tons  iron  is  now  generally  preferred.  Beyond  8  tons  any 
single  piece  of  timber  becomes  too  bulky,  and  for  cranes  between 
8  and  15  tons  it  may  be  said  to  be  entirely  discarded.  But  for 
very  large  cranes  timber  again  becomes  applicable.  To  resist  the 
side  strains,  a  wide  or  box  section  of  jib  is  most  effectual,  and  for 
heavy  loads  an  ordinary  H  or  girder  section  would  not  be  sufficient, 
and  it  is  generally  found  cheaper  to  frame  the  jib  of  timber  than  to 
dispose  an  iron  framing  in  a  suitable  manner. 

The  lifting  power  in  a  crane  is  generally  obtained  by  ordinary 
winch-gear,  which  multiplies  the  original  motive  force  by  a  train  of 
toothed  wheels.  In  small  and  simple  cranes  Single  power  is  suffi- 
cient ;  that  is  to  say,  there  is  one  multiplication  only,  a  small  toothed 
wheel  or  pinion  on  the  spindle  to  which  the  winch-handles  are 
attached  working  into  a  larger  wheel  on  the  shaft  which  carries  the 
barrel.  This  method  is,  for  instance,  sufficient  where  the  power  is 
afterwards  multiplied  by  sheave-blocks,  as  in  lifting  by  a  derrick ;  but 
for  weights  above  2  tons,  Double pmver  ox  even  Treble poiver  in  the  crab 
becomes  necessary,  a  simple  movement  changing  the  wheels  from 
double  to  treble  gear,  according  to  the  weight  to  be  lifted.  Of  course, 
for  every  multiplication  the  speed  becomes  less,  and  it  is  only  in  the 
case  of  very  large  cranes  that  a  third  multiplicntion  is  attempted,  an 
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increase  in  the  original  motive  power  being  generally  preferred.     And 

even  in  large  cranes  where  Treble  gear  is  provided,  it  is  reserved  for       Treble  gear. 

heavy  loads,  and  the  single  or  double  gear  is  ordinarily  employed. 

Sometimes  the  power  is  multiplied  by  passing  the  chain,  after  it  leaves  Further  power  by 

the  jib,  through  single,  d'^uble  or   treble   sheave-blocks ;   but  this 

method,  though  often  necessary,  has  the  disadvantage  of  increasing 

the  length  of  chain  to  be  wrapped  round  the  barrel,  and  therefore 

rendering  necessary  two  or  more  laps  of  chain,  which  is  undesirable. 

It  is  important  that  the  barrel  should  be  of  ample  size,  primarily    winding -barrels, 
because  a  rope  or  chain  winds  most  easily  on  a  large  drum,  and  (in 
the  case  of  a  chain)  with  less  strain  or  surging  in  the  links;  and 
secondly,  because  it  is  desirable  to  have  the  drum  so  long  and  large      Made  large  to 
that  a  single  lap  of  the  chain,  repeated  if  need  be  all  along  the    *^°*  cha?ns?^  ° 
barrel,  may  afford  sufficient  length  for  the  highest  lifts.      Yox  as  the 
drum  is  one  of  the  train  of  wheels  by  which  the  motive  power  is 
multiplied,  the  alteration  in  its  effective  diameter,  which  takes  place 
if  a  second  lap  of  chain  occurs,  alters  the  proportion  of  the  wheels. 
As  the  circumference  of  the  barrel  becomes  greater,  each  revolution 
gives  a  greater  lift,  and  the  motive  power  has  to  be  proportionately 
increased.    This  is  especia'ly  inconvenient  in  the  case  of  hand-cranes, 
where  there  is  not  the  same  reserve  force  as  in  a  stejm-crane,  and 
where  the  increased  resistance  caused  by  a  greater  diameter  must 
be  neutralised,  either  by  a  slower  and  less  effective  exertion,  or  by 
bringing  into  play  in  the  middle  of  the  lifting  operation  another  and 
slower  sets  of  wheels.     Sometimes  the  lapping  of  the  chain  on  the 
barrel  is  avoide.i  by  passing  it  only  once  or  twice  round  and  then 
taking  it  away  behind,  as  is  done  often  on  a  capstan,  or  into  a  pit  Warping-capstan. 
below  the  crane ;  but  as  an  iron  chain  on  an  iron  barrel  is  apt  to  ^'^^P<*c*  6»o  ^  ^i- 
slip,  the  barrel  must  be  tightly  wrapped  with  rope  to  afford  a  grip  for 
the  chain,  or  made  with  projections  to  hold  the  links,  as  is  done  with 
pitch  chains. 

Of  course,  where  the  chain  is  but  small  —for  instance,  in  cranes 
lifting  about  i  ton — the  lapping  of  a  light  chain  will  not  materially 
affect  the  diameter  of  an  ordinary-sized  barrel ;  but,  as  a  rule,  the 
apparatus  is  distinctly  the  better  if  the  lapping  can  be  avoided. 
Obviously,  also,  much  depends  on  the  height  of  lift,  which  determines 
the  length  of  chain ;  but,  if  circumstances  allow  it,  the  condition  of 
a  single  lap  is  often  prescribed  by  engineers  in  their  specification  single  lap  on 
for  cranes,  such  a  stipulation,  however,  adding  considerably  to  the  *"*  * 

cost  of  those  over  10  tons  capacity. 
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For  lifting  weights  over  25  tons,  numerous  trains  of  wheels  may  be 
Screw  and  worm-  avoided  by  Substituting  screw  and  worm-wheels  for  the  ordinary  spur 
spur  (rear.  gear ;  and  worm-wheels  have  the  advantage — which  is  useful  some- 
times also  for  smaller  cranes — of  lessening  the  liability  to  slip  or  run 
down,  and  a  weight  can  be  lowered  or  adjusted  with  great  nicety  and 
Detached  winch,  safety.  Another  method  of  applying  power  is  to  detach  the  winch- 
gear  from  the  crane  altogether — a  plan  which  allows  the  use  of  a  large 
winding- barrel  and  gear,  affords  more  room  round  about  the  crane 
for  attaching  and  detaching  the  load,  and  the  further  advantage  of 
allowing  the  chain  from  the  winch-barrel  to  be  led  away  and  used  for 
a  variety  of  purposes  and  at  a  considerable  distance.  On  board  ship 
the  winch  may  thus  conveniently  be  kept  separate,  and  the  chain  l^e 
taken  to  hoisting-gear  attached  to  the  ship's  yards ;  or  with  stiH 
more  advantage  in  public  works,  where  derricks  or  sheers  may  be 
moved  from  place  to  place  or  elevated  on  scaffolds,  and  the  chain 
led  through  pulleys  and  snatch-blocks  from  a  winch  permanently 
fixed  in  a  convenient  place. 


As  on  ships. 
See  alio  page  800. 


PoMrer  cranes, 
where  useful. 


Compared  with 
manual  cranes. 


Power  as  applied 
to  winch-handles. 
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mmute. 

See  page  568. 


The  expediency  of  substituting  Steam  or  other  artificial  power 
for  hnnd  labour  depends  rather  on  the  speed  of  hoist  and  frequency 
of  the  operation  than  on  the  weight  to  be  lifted,  for,  if  time  be 
granted,  the  weights  dealt  with  by  the  great  majority  of  cranes  can  be 
lifted  by  hand  power.  In  comparing  manual  with  other  forces,  it 
must  be  taken  into  account  that  two  men  can  work  more  effectively 
and  safely,  and  do  more  work  proportionately  than  one  man,  because 
there  are  certain  dead  points  in  each  revolution  of  the  winch-handles 
at  which  the  force  is  not  advantageously  applied.  In  designing 
cranes  it  appears  better,  therefore,  to  take  as  a  basis  of  calculation 
two  men  as  the  unit  of  force.  The  usual  radius  of  the  winch-handles 
is  16  in.,  making  a  circle  of  32  in.  diameter,  or  a  circumference  of 
about  100  in. ;  and,  allowing  30  revolutions  per  minute,  the  handles 
each  travel  250  ft.  per  minute.  Assuming,  furtlier,  that  each  man 
exerts  during  the  whole  revolution  an  average  force  of  30  lbs.,  or 
the  two  men  60  lbs.,  and  multiplying  this  by  the  250  ft.  travelled,  a 
total  of  15,000  foot-lbs.  is  exerted,  or  nearly  \  horse-power.  And  if 
from  this  one- third  be  deducted  for  friction  of  the  crane  itself,  there 
remain  about  10,000  foot-lbs.  as  the  nett  result  of  two  men  per 
minute.  This  equals  a  load  of  i  ton  lifted  about  4^  ft.  per  minute, 
or  10  tons  lifted  about  5  in.  But  in  applying  such  a  calculation 
as  the  above,  which  is  necessarily  based  on  certain  assumptions  in 


Part  II] 


Steam-cranes, 


797 


regard  to  the  force  applied  to  the  handles — the  number  of  revolu- 
tions and  the  loss  by  friction,  all  of  which  are  liable  to  variation — 
the  special  circumstances  of  each  case  must  be  taken  into  account. 
Strong  men  can  exert  much  more  than  30  lbs.  if  for  a  short  and  in- 
termittent load,  while  for  continuous  work,  with  few  opportunities  for 
resting,  a  less  result  must  be  reckoned.  In  England,  25  lbs.  per  man 
is  generally  prescribed  as  the  basis  for  calculating  crane  power  in  the 
Government  dockyards,  but  for  continuous  work  even  this  should 
be  reduced.  In  regard  to  the  friction,  every  additional  train  of 
wheels  or  multiplication  of  power  increases  it.  In  powerful  cranes 
the  moving  parts  are  heavy,  and,  after  the  highest  skill  has  been  used 
to  design  and  make  the  parts  in  the  most  suitable  manner,  the  force 
required  to  work  them,  even  with  no  load  suspended,  is  very  great, 
three  or  even  four  men  being  required  to  work  a  20-ton  crane 
unloaded.  Two  men  will  suffice  for  loads  of  5  tons,  although  it  is 
usual  to  employ  four  men  when  the  load  exceeds  4  tons;  but  when 
two  men  have  thus  to  work  at  each  handle,  they  are  less  conveniently 
placed  for  exerting  themselves.  It  is  very  dangerous  to  have  a  crane 
under-manned. 

Steam  power  has  proved  so  effective  and  convenient  for  cranes 
that  it  is  the  exception  to  its  use  rather  than  the  rule  that  needs 
justification.  For  lifting  weights  where,  from  the  nature  of  the  work 
or  the  infrequency  of  the  operation,  there  is  ample  time  to  allow  the 
men  to  work  slowly  and  to  rest  frequently,  hand  power  is  generally 
preferred.^  So  also  where  continual  adjustment  is  needed,  as  in  a 
foundry-crane,  hand  power  is  still  frequently  employed,  although  in 
large  modern  foundries  overhead  gantries  or  travelling  cranes  are  often 
used,  to  which  power  may  be  supplied,  either  from  a  contiguous  engine 
or  from  constantly-running  shafting  or  rope.  Electric  transmission 
and  electric  motors  have  largely  superseded  these  methods.  Even  for  a 
wharf-crane,  if  seldom  employed,  there  may  be  no  advantage  in  having 
steam  power,  which  might  require  the  bringing  of  steam  into  cold 
pi[)es  from  a  detached  boiler,  or  the  lighting  of  a  fire  in  a  contiguous 
boiler,  and  very  often  the  keeping  the  engine  in  order  by  a  skilled 
engine-driver.  But  where,  as  in  a  factory,  the  chain  can  be  worked 
from  some  machine  inside  connected  with  a  running  engine,  such 
power  may  be  utilised  with  advantage.  And  in  very  large  cranes, 
the  extra  cost  of  a  steam-engine  may  bear  so  slight  a  proportion  to 
the  total  cost  of  the  crane,  and  the  operation,  though  infrequently 
performed,  may  be  so  important,  as  fully  to  justify  the  cost  and  ti.ne 
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Friction  of 
poM^erful  cranes. 

Set  also  page  s\l. 
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See  page  791. 
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of  getting  up  steam.  Another  point  to  be  considered  in  choosing 
between  hand  and  steam  power  is,  that  the  former  may  necessitate  an 
extra  train  of  wheels  to  obtain  the  required  force,  and  this  extra  train 
adds  considerably  to  the  friction,  and  therefore  to  the  unprofitable 
expenditure.  It  is,  however,  speed  rather  than  power  which  renders 
steam  so  useful,  and  steam-engines  are  employed  more  often  for 
small  than  for  large  cranes.  Thus,  in  the  loading  or  unloading  of  a 
ship,  steam  saves  much  time,  and  therefore  much  money.  The 
expediency  of  having  steam  power  may  be  to  a  great  extent  deter- 
mined by  the  proportion  which  the  time  occupied  in  the  actual  lifting 
bears  to  that  occupied  in  the  shackling  or  preparatory  work,  and  the 
unshackling  after  the  lifting  is  accomplished.  For  if  fifteen  minutes 
is  occupied  in  shackling  or  arranging  the  sling  chains,  it  is  of  less 
consequence  whether  the  actual  lifting  occupy  one  minute  by  steam 
or  ten  minutes  by  hand,  than  in  cases  where  the  slinging  and 
shackling  occupy  only  one  minute ;  then  the  speed  of  the  steam- 
engine  affords  a  greater  proportionate  savmg,  which  may  be  profitably 
utilised. 

Steam-cranes  are  used  to  the  greatest  advantage — in  public  works, 
for  the  rapid  and  continuous  hoisting  of  excavated  soil  or  of  building 
materials ;  and  at  docks,  for  hoisting  cargo  into  and  out  of  a  ship's 
hold.  The  speed  with  which  all  the  operations  of  hoisting  and  lower- 
ing the  load,  of  altering  the  radius  by  elevating  and  lowering  the  jib 
and  of  slewing  round  are  performed,  is  so  enormously  in  excess  of  what 
any  hand-crane  could  perform,  as  to  amply  repay  the  greater  capital 
expenditure  and  the  current  expenses  of  coal,  supervision  and  main- 
tenance. The  actual  power  is  obtained  much  more  cheaply  by  fuel 
force  than  by  manual  force,  notwithstanding  the  fact  that  crane-engines 
burn  more  coal  per  effective  horse  power  than  larger  fixed  engines. 
Except  in  special  trades,  most  of  the  pieces  or  packages  in  a  miscella- 
neous cargo  are  of  moderate  weight,  and  it  may  prove  best  to  use  light 
cranes  which  work  easily  and  quickly,  leaving  heavy  packages  to  be 
lifted  by  tackle  from  the  ship's  yards,  or,  if  over  five  tons,  by  powerful 
wharf-cranes,  to  which  the  ship  can  be  moved  for  the  purpose.  A 
steam-crane  with  a  radius  of  15  ft.,  complete  with  boiler,  and  with  gear 
so  arranged  that  the  hoisting,  lowering,  and  slewing  are  all  performed 
by  steam  power,  will  cost  from  £^210  to  ;^32o  for  lifting  a  weight  of 
i^  tons;  jQz^o  to  ;^45o  for  a  weight  of  3  tons;  and  from  j[^\^o 
to  ^600  for  a  weight  of  5  tons.  If  a  crane  is  to  revolve  on  a  fixed 
base,  the  foundation-plates  and  bolts  will  cost  about  the  same  as  a 
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carriage  on  wheels  if  the  crane  is  to  be  made  movable.  If,  however, 
the  crane  is  to  travel  on  a  railway,  the  carriage  and  wheels  must  be 
stronger ;  and  the  necessary  appurtenances  of  buffers  and  springs  add 
from  j[^2o  to  ;£^5o  to  the  cost.  Locomotives  are  sometimes  made 
with  crane  jibs.  The  power  of  a  crane  should  be  specified  by  the 
weight  which  can  be  safely  lifted  when  the  jib  is  projected  to  the  full 
radius,  as  such  cranes  are  generally  so  made  as  to  allow  heavier 
weights  to  be  lifted  when  the  jib  is  raised  and  the  radius  reduced. 

The  small  size  of  the  engine  and  boilers,  the  quick  speed  and 
intermittent  nature  of  the  work,  all  hinder  an  economical  use  of  fuel, 
and  as  the  cost  of  coal  generally  bears  but  a  small  proportion  to  the 
work  done  (which  is  not  to  be  measured  by  the  mere  foot-lbs.  lifted 
but  by  many  secondary  considerations),  the  endeavour  is  rather  to 
construct  the  boiler  so  that  it  will  generate  steam  quickly,  and  with  a 
minimum  of  size  supply  sufficient  steam  for  rapid  woiking,  than  to 
obtain  a  minimum  expenditure  of  fuel.  Vertical  boilers  with  cross 
tubes  are  the  kind  generally  used. 

The  work  of  a  steam-crane  or  winch  is  one  of  the  severest  kind, 
and  the  sudden  stoppages  and  reversings  cause  jerks  and  shocks  upon 
all  the  working  parts.  The  value  and  durability  of  the  machine  de- 
pend greatly  on  the  quality  of  the  material  and  workmanship ;  and 
cheapness,  if  obtained  by  inferiority  in  these  respects,  is  ultimately 
very  expensive.  Steel,  the  best  wrought  iron  and  high-quality  cast 
iron  are  essential,  and  all  moving  joints  should  be  case-hardened. 
Steel,  gun-metal  or  malleable  cast  iron  are  often  substituted  with 
advantage  for  cast  iron  in  toothed  wheels.  The  chains  and  books 
should  be  made  of  the  very  highest  quality  of  wrought  iron,  which 
facilitates  sound  welding  and  is  durable  against  repeated  shocks  and 
strains.  Steel  is  never  used  for  such  purposes.  The  shoulder  of 
the  hook  where  it  presses  on  the  shackle  or  pulley  frame  should 
move  on  balls  or  roller  bearings,  this  being  especially  useful  in  cranes 
lifting  more  than  2  tons. 

For  loading  and  discharging  ships,  the  cranes  must  be  movable,  so 
as  to  take  various  positions  to  suit  the  hatchways  of  vessels ;  and, 
in  order  to  avoid  obstruction  to  lines  of  railway  upon  the  quay,  the 
crane  may  be  elevated  on  a  travelling  stage  through  which  the  railway 
wagons  can  pass.  Movability  is  even  more  necessary  for  cranes  used 
on  public  works.  Therefore,  cranes  so  employed  must  be  complete 
and  self-contained  on  a  travelling  carriage  with  engine  and  boiler. 
Steam-cranes,  when  made  self-propelling,  are,  when  used  at  ironworks, 
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Stone  quarries  and  other  places  with  railway  lines,  often  employed 
as  locomotives  for  shunting  wagons.  Or  at  steel  works,  the  crane 
which  lifts  the  molten  steel  or  ingots  carries  the  suspended  load 
and  deposits  it  where  required.  For  wharf  and  other  fixed  cranes, 
it  is  often  convenient  to  bring  steam  from  some  adjacent  boiler, 
and  only  the  engine  is  attached  to  the  crane  itself;  and  though 
this  plan  is  most  easily  adopted  for  fixed  cranes,  steam-pipes 
can  be  arranged  for  movable  cranes  also.  Sometimes  the  plan  of 
Engfine  detached    detaching  the  power  is   carried  further,  and   the  engine   with    its 

winch-gear  and  barrel  is  fixed  in  an  adjacent  building,  and  the 
chain  brought  to  the  crane  through  guiding-pulleys.  This  plan  is 
often  expedient  in  city  warehouses  or  work-shops,  where  steam- 
boilers,  or  even  only  an  engine  on  the  crane  itself,  would  involve 
risk  and  annoyance.  In  small  cranes  this  plan  is  frequently 
adopted,  the  power  from  a  constantly-running  drum  near  the  crane 
being  brought  into  action  by  fast  and  loose  pulleys,  or  by  a  friction 
clutch,  or  other  simple  means.  Where  the  boiler  and  its  smoke  are 
alone  objected  to,  the  power  is  often  conveniently  obtained  from  a  gas- 
engine,  water-engine  or  electric  motor.  On  public  works,  detached 
winch-gear,  as  already  described,  is  sometimes  preferred,  2nd  on  board 
ships  a  steam-winch  with  projecting  capstan  is  in  this  way  used  for 
raising  the  anchor,  warping  cables,  and  other  purposes,  as  well  as  for 
hoisting ;  but  steam  for  such  cranes  is  generally  supplied  from  a 
detached  boiler,  even  in  a  steamer.  To  afford  equal  and  continuous 
power  without  a  fly-wheel  the  engines  for  these  winches  are  made 
with  two  cylinders,  and  with  a  link-motion  for  reversing.  The  cost 
of  steam-winches  of  this  kind  ranges  from  about  ;;^8o  for  a  winch 
with  5-in.  cylinders  for  lifting  2  tons,  to  ^130  for  a  winch  with  8-in. 
cylinders  for  lifting  5  tons. 
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Compressed  air  is  used  for  working  winches  and  cranes  under 
certain  circumstances,  as,  for  instance,  in  and  about  mines,  quarries 
and  tunnels  whither  steam  cannot  be  conveniently  conveyed,  or  where 
steam  would  be  unendurable.  Unless,  however,  air-compressors  are 
already  provided  for  working  rock-drills  or  other  purposes  it  is 
seldom  expedient  to  transmit  power  in  this  way,  and  hand  power  or 
electricity  is  generally  preferable. 


Hydraulic-cranes.         HydratiUC'Craties  may  be  used  with  advantage  in  many  cases  where 
Seepage  485.        any  other  kind  would  be  costly  or  inconvenient,  or  insufficient  \  and  the 
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facilities  which  water  affords  for  transmuting,  transmitting,  distribut- 
ing and  concentrating  power,  are  seen  to  their  best  advantage  in  the 
case  of  cranes  worked  by  the  "  accumulator  "  system.  Where  hoisting 
has  to  be  done  quickly,  mechanical  power  of  some  kind  is  necesSary, 
but  if  steam  be  employed  and  have  to  be  worked  at  long  or  irregular 
intervals,  much  expense  is  involved  in  maintaining,  ready  for  action  in 
each  crane,  steam  power  sufficient  for  the  maximum  service  that  may 
be  required ;  and  the  useful  or  effective  work  done  bears  but  a  small 
proportion  to  the  power  consumed,  and  to  the  expenses  of  super- 
vision. And  if,  to  save  the  cost  and  inconvenience  of  having  a  boiler 
at  each  of  numerous  cranes,  steam  be  brought  in  pipes  from  one 
boiler,  the  pipes  become  cold  during  each  interval  of  waiting.  There 
is  waste  and  inconvenience  from  condensed  steam ;  and  if  this 
method  were  adopted  for  numerous  or  widely  distributed  cranes,  the 
aggregate  length  of  steam-pipes  would  be  an  insuperable  difficulty. 
The  hydraulic  system  obviates  all  these  objections.  A  pumping- 
engine,  of  force  equal  to  the  average  service  constantly  employed  in 
raising  the  accumulator,  stores  up  a  power  which  can  be  drawn  upon 
instantaneously  by  any  crane  which  has  been  connected  by  pipes 
within  a  mile  or  more  of  the  pumping-engine ;  a  crane,  for  instance, 
in  some  remote  place,  required  only  once  a  day  or  once  a  week,  being 
as  readily  set  to  work  as  others.  Thus  an  engine  of  50  horse-power 
can  work  numerous  cranes  having  an  aggregate  lifting  power  of  500 
horse-power,  because  it  is  unlikely  that  more  than  one-tenth  of  the 
cranes  will  be  working  at  the  same  moment  The  loss  of  power  in 
transmuting  steam-power  into  hydraulic  force,  and  in  keeping  a  pump< 
ing-engine  always  in  steam,  is  more  than  met  by  the  conveniences 
afforded ;  and  stationary  engines  so  employed  can  be  worked  with 
the  minimum  of  fuel,  3  lbs.  per  indicated  horse-power  per  hour  as 
compared  with  10  lbs.  in  a  steam-crane  being  a  fair  comparison. 
The  system  finds  its  best  exemplification  at  railway  goods-stations 
or  docks,  where  rapid  work  at  numerous  cranes  is  required  but  at 
irregular  intervals ;  or  in  factories  where  the  accumulator  system  is 
utilised  for  working  machine  tools. 

A  steam-engine  fixed  in  some  convenient  place  is  employed  in 
pumping  up  the  accumulator  load,  which,  pressing  on  the  water 
uniformly  in  all  the  lines  of  piping,  keeps  ready  at  each  crane  the 
maximum  force.  The  engine  is  arranged  so  as  to  stop  pumping 
automatically  when  no  power  is  being  abstracted  ;  and  if,  on  the  other 
hand,  at  any  particular  moment,  all  or  most  of  the  cranes  happen  to 
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be  lifting  simultaneously  (a  very  rare  occurrence)  and  more  power  is 
sought  than  the  engine  affords,  there  is  only  a  brief  delay  till  the 
engine  accumulates  the  necessary  force  and  supplies  the  demand 
upoh  it  If  there  be  only  one  or  few  cranes,  or  only  occasional 
service  required,  there  need  be  no  special  steam-engine  if  there  be  a 
line  of  shafting  from  which  a  small  pump  for  the  accumulator  can  be 
driven ;  or  still  further  economy  may  be  obtained  if  moderate  but 
continuous  water-power  be  available  for  working  the  pump.  Another 
advantage  of  the  hydraulic  system  is  the  great  power  which  may  be 
obtained  in  cylinders  of  small  size,  the  ordinary  pressure  being  so 
much  greater  than  that  usual  in  steam-engines. 

In  some  cases  the  power  is  applied  directly  to  a  piston  or  ram  in 
a  vertical  cylinder  suspended  from  a  travelling  gantry  or  from  a 
radiating  jib,  the  lifting  hook  hanging  from  the  ram.  Hydraulic 
machines  of  this  kind  are  sometimes  used  in  an  engineering  factory 
or  shipbuilding  yard  for  carrying  portable  riveters,  and  in  other  cases 
such  rams  are  suspended  over  large  lathes  or  other  machines  for  lifting 
in  and  out  of  place  the  articles  operated  on  by  the  machine. 

In  such  situations  the  ram  should  be  suspended  from  a  rail 
along  which  it  can  travel,  or  from  a  radial  jib  something  like  that  of 
a  smithy  crane,  so  that  a  sufficient  area  can  be  commanded.  At 
arsenals  and  dockyards,  heavy  machinery  and  guns  weighing  as  much 
as  I03  tons,  are  lifted  by  direct-acting  rams  as  above  described. 
This  system  of  crane  has  even  been  applied  to  the  lifting  of  torpedo 
boats  or  small  gun-boats  weighing  300  tons. 

For  wharf,  warehouse,  or  ship*s-cargo  cranes,  it  is  more  usual  to 
supply  the  power  by  means  of  a  cylinder,  moving-ram,  and  sheave- 
blocks,  to  which  the  chain  is  attached  ;  but  instead  of  multiplying  the 
power  as  is  usual  in  a  crane,  the  high-pressure  water  affords  so  much 
power  that  it  can  be  extended  by  means  of  sheave-blocks  worked  in 
the  reverse  way  to  the  ordinary  method.  That  is  to  say,  a  ram, 
with  a  stroke  of  4  ft.,  pulling  at  a  pair  of  three-sheave  blocks,  drags 
the  chain  which  issues  from  the  last  pulley  24  ft,  but,  of  course,  with 
a  power  proportionally  diminished.  In  a  large  terminal  railway  sta- 
tion, with  numerous  cranes  for  loading  and  discharging  the  trucks, 
cranes  so  worked  are  extremely  convenient  for  weights  of  from  5  to 
40  cwt.,  and  can  be  managed  by  ordinary  workmen,  who  have 
nothing  to  do  with  the  motive  power  at  a  distance,  but  who  can 
control  the  crane  by  pulling  a  lever.  The  high-pressure  water  can 
also  be  applied   with  advantage   to   small  engines   (three-cylinder 
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engines  are  found  most  suitable),  which,  placed  below  the  pLitforra, 
give  motion  to  capstans  for  shunting  and  marshalling  the  wagons, 
as  a  rope  passed  a  few  times  round  the  capstan  can  be  instan- 
taneously pulled  with  great  force.  iiis 

A  pressure  of  from  500  to  700  lbs!  per  inch  has  been  adopted         Capsuns. 
for  hydraulic-cranes  as  just  described ;  but  the  apparatus  could  be 
as  well  worked  at  1000  lbs.,  if  occasion  demanded,  without  involving    usual  pressures, 
the  modifications  in  detail  or  special  precautions  which  much  higher 
hydraulic  pressures  would  require.      The  distributing  pipes  for  the       Distributing 
hydraulic  system  are  of  cast  iron,  of  sufficient  thickness  to  withstand  ^^     ^)^'  6*6 
the  pressure,  and  united  by  strong  flanges  and  bolts.     The  small 
branch  pipes  to  the  separate  machines  are  usually  wrought-iron  or 
steel  butt-welded  or  solid-drawn  tubes.     A  ramification  of  such  main 
pipes  and  branches,  laid  down  in  and  about  a  railway  station,  or 
factory  or  dock,  allows  of  cranes  or  other  machines  being  connected 
at  any  point  at  any  time,  if  the  main  pipes  are  made  large  enough  in 
the  first  instance  to  transmit  the  water  required. 

The  capital  outlay  for  hydraulic-cranes  often  forbids  their  adop-  Hydraulic  system 
tion,  especially  in  small  undertakings,  where  the  saving  to  be  obtained 
in  the  current  expense  of  working  would  be  doubtful  or  not  immedi- 
ately apparent.  As  the  light  cranes  for  unloading  general  merchan- 
dise are  easily  worked  by  hand,  it  is  only  at  large  or  busy  stations 
where  many  such  cranes  are  required  that  the  expense  is  justified,  where  justified. 
The  system  has  been  widely  adopted  in  England,  because  the  enor- 
mous goods  traffic  at  the  principal  railway  stations  must  be  quickly 
moved.  A  complete  establishment  consists  of  steam-engine,  with 
boilers,  pumps,  accumulator,  and  the  necessary  adjuncts  of  engine- 
house,  boiler-house,  and  chimney  ;  cranes,  each  with  a  cylinder,  ram, 
pulleys,  and  chains  ;  and  the  lines  of  pipes  and  valves.  As  a  safeguard 
against  stoppage  it  is  generally  expedient  to  have  duplicate  engine.  Duplicate  engines, 
boilers,  and  pumps,  which  add  considerably  to  the  expenditure. 
Hydraulic  cranes  of  the  kind  usual  at  railway  stations,  with  ram, 
pulleys,  and  chains  for  lifting  about  30  cwt.,  cost  from  ;£'ioo  to  £,\^o 

each,   the   exact  sum  depending  not  so  much   on  the  hydraulic 

350. 

apparatus  as  on  the  projection  of  the  jib,  and  whether  the  crane  is  see  also p<igf  j^, 
made  according  to  the  method  a  or  b,  already  described.     Method  <z, 

^Fig.  256,  in  which   the  crane   depends  entirely  on  a  lower  pivot,  S^\ 

and  which   is   that  usual   on   a   wharf,  is  the  dearer;  method   ^,  7 

Fig.  257,  being  more  often  employed  in  warehouses,  and  sometimes  _|     . 

in  goods  stations,  where  overhead  roof- beams  are  available  for  support  257. 
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and  attachment.  The  establishment  of  hydraulic-cranes,  including 
engines,  buildings,  and  pumps,  ranges  at  different  railway  stations 
from  ;£^4ooo  to  ;£ 30,000,  a  cost  which  is  prohibitory  in  most  private 
establishments.  Where  the  service  required  is  infrequent  or  of 
small  extent,  some  of  the  expense  of  steam-engine  and  boiler  may  be 
avoided  by  the  use  of  a  gas-engine,  with  pump  and  small  accumu- 
lator, which  are  set  in  motion  only  at  the  time  when  the  machinery  is 
needed.  This  method  is,  for  instance,  occasionally  adopted  for  such 
intermittent  service  as  the  opening  machinery  of  swing-bridges.  How- 
ever, for  isolated  cranes  it  is  generally  cheaper  to  transmit  the  power 
by  an  electric  conductor  to  a  small  electric  motor  fixed  on  each  crane. 
The  great  convenience  of  having  the  accumulator  system  estab- 
lished in  a  dock  for  opening  and  shutting  lock-gates  and  for  ware- 
house hoists,  as  well  as  the  objection  to  steam-cranes  because  of  the 
risk  of  fire,  have  tended  greatly  to  the  adoption  of  hydraubc  cranes 
also  ;  and  those  of  moderate  lifting  power  have  proved  most  suitable 
for  miscellaneous  cargo,  the  apparatus  being  arranged  for  high  speed. 
As  cranes  of  this  sort  must  command  the  hatchway  of  a  vessel,  the 
radius  of  the  jib  must  be  greater  than  that  of  a  railway  goods- 
station  crane,  and  must  have  a  much  greater  height  of  lift  and  length 
of  chain,  so  as  to  raise  cargo  from  the  bottom  of  a  ship's  hold,  and 
swing  it  clear  of  a  railway  wagon  on  the  quay.  Moreover  as  such  a 
crane  must  be  self-contained  without  upper  support,  it  is  necessarily 
more  expensive  than  one  of  similar  power  attached  to  a  roof  beam. 
Owing  to  the  differences  in  the  size  of  ships  and  in  the  position  of 
hatchways,  cranes  fixed  on  the  quay  or  wharf  have  proved  incon- 
venient, but  the  other  advantages  of  the  hydraulic  system  lead  to  its 
adaptation  to  movable  cranes  rather  than  its  abandonment.  There 
are  two  different  methods  of  effecting  this.  As  only  a  limited  range 
of  movement  is  necessary  to  allow  the  crane  to  be  placed  opposite  a 
ship's  hatchway,  the  power-chain  can  either  be  led  through  pulleys 
from  a  fixed  hydraulic  ram  in  a  contiguous  building,  or  the  hydraulic 
apparatus,  being  affixed  to  the  crane  in  the  ordinary  manner,  the 
water-pipes  from  the  pressure-main  can  be  so  arranged  with  tele- 
scopic or  swivelled  joints  as  to  allow  the  necessary  movement  of  the 
crane.  To  afford  sufficient  stability  to  the  overhanging  jib,  the 
crane  carriage  is  best  made  with  wheels  for  a  wide  gauge,  a  third 
line  being  laid  down  on  the  ordinary  railway  track,  the  base  of  the 
crane  then  being  rather  wider  than  shown  in  Fig.  258,  and  furnished 
with  wheels.     Fixed  or  movable  cranes  as  above  described,  with  a 
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radius  of  28  ft  from  the  centre  post  (about  23  ft.  overhang  from 
the  quay),  and  for  lifting  35  cwt,  cost  from  ;;^4oo  to  ;^5oo  each. 

As  movable  cranes  of  this  sort  hinder  the  passage  of  goods 
traffic  on  the  edge  of  the  quay,  the  system  has  been  further  elabo- 
rated by  raising  the  crane  carriage  and  making  it  wide  enough  to 
bridge  over  the  railway  on  the  quay,  so  as  to  allow  hand-trucks  or 
even  railway  wagons  to  pass  through.  A  crane  of  this  sort  requires 
a  rail  track  of  about  lo-ft.  gauge,  and  a  jib  radius  of  30  or  32  ft. 
from  the  vertical  post,  to  allow  it  to  overhang  the  quay  23  ft.,  and 
such  cranes  are  necessarily  expensive,  costing  from  ;^5oo  to  ;^7oo  ; 
but  this  expense  is  justified  by  the  rapid  transfer  of  cargo  to  or  from 
railway  wagons  which  the  system  allows.  Portable  machines  of  a 
smaller  and  cheaper  kind  can  be  utilised  wherever  hydraulic  mains 
are  laid  down  in  a  dock.  These  small  machines  (known  as  jiggers), 
have  a  ram  with  sheave-blocks  arranged  on  the  same  principle  as  in 
a  hydraulic-crane,  but  without  any  crane-post  or  jib.  The  goods 
are  lifted  from  the  ship's  yards,  to  which  the  chain  is  taken  from  the  Portable  hydraulic 

'^       ^  ,  ivmchea. 

machine.  The  height  is  arranged  to  suit  the  depth  of  hold,  the  lift 
of  the  chain  being  multiplied  not  only  by  the  sheave-blocks  but  by 
the  differential  diameter  of  the  barrel.  A  machine  of  this  sort  is 
easily  propelled  by  hand,  and  can  be  attached  to  a  hydrant  at  any 
point  along  the  dock  or  quay.     They  cost  about  ;£^ioo  each. 

The  hydraulic  system  has  proved  so  simple  and  useful  that  it  is  Hydraulic  cranes 
even  applied  for  cranes  on  steam-ships,  whose  profitable  working 
depends  greatly  on  quick  despatch  of  cargo.  While,  however, 
cranes  as  just  described  are  suitable  for  miscellaneous  cargo,  much 
stronger  cranes  are  necessary  at  ports  where  heavy  weights  have 
constantly  to  be  lifted.  For  instance,  at  some  coal-shipping  ports, 
loaded  wagons  of  from  10  to  15  tons  weight  are  lifted  and  swung 
round  over  the  ship's  hatchway.  For  hydraulic-cranes  of  this  sort 
(as  is  the  case  generally  for  large  cranes)  special  designs  are  required, 
and  no  fixed  designs  or  prices  apply. 

The  non-compressibility  or  want  of  expansive  force  in  the  water  is        Seepage  494. 
a  disadvantage  in  hydraulic-cranes  which  has  been  already  explained, 
as  also  the  risk  of  stoppage  from  frost 


Travelling-cranes  and  overhead  gantries,  though  made  in  various  TraveiUng-cranes. 
ways,  form  a  class  of  their  own  entirely  outside  the  cranes  just  de- 
scribed, the  main  point  of  difference  being  that  the  weight  is  lifted 
by,  and  suspended  from,  a  bridge  or  girder  supported  at  both  ends, 
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instead  of  from  a  single  column,  as  in  a  derrick,  or  from  an  over- 
hanging jib  in  an  ordinary  swinging-crane.  Full  advantage  is  taken 
of  the  double  support  to  extend  the  area  commanded  by  the  crane, 
the  width  ranging,  according  to  circumstances,  from  20  ft  to  70  ft. 

The  fixed  gallows  or  gantry  is  the  rudimentary  type  of  overhead 
crane,  a  cheap  and  simple  structure  of  this  kind  being  sometimes 
used  for  loading  and  discharging  wagons  in  a  quarry,  stone-mer- 
chant's yard,  or  boiler-yard,  the  articles  to  be  lifted  being  brought  to 
or  taken  from  the  gantry  on  rollers.  It  is  a  simple  step  forward  to  fix 
the  uprights  on  a  horizontal  sill  or  base  furnished  with  wheels,  so 
that  as  a  travelling-carriage  it  can  be  propelled  along  a  line  of  rails 
laid  down  for  the  purpose,  such  cranes  as  these  being  known  as 
Goliath  cranes.  A  crane  of  this  sort  is  cheaper  than  an  overhead 
bridge  moving  on  an  elevated  staging,  and  it  leaves  a  clear  space 
below  except  at  one  place  where  the  crane  is  at  work,  such  an  unob- 
structed area  being  often  of  great  importance.  On  the  other  hand, 
the  fixed  staging  with  a  travelling  bridge  affords  a  complete  apparatus, 
Traveiiing-bridge   more  easily  worked,  and  allows  two  or  more  travelling-bridges  to  be 

on  fixed  atafinK.        .1^1. 

at  work  on  the  same  stage. 

Timber  is  generally  used  as  material  for  the  staging  and  travelling- 
bridge,  and  timber  beams  trussed  with  iron  tie-rods  can  be  made  strong 
enough  even  for  wide  spans  and  heavy  loads.  But  wrought-iron  or 
steel  girders  are  also  frequently  used  for  the  travelling-bridge,  and  even 
as  longitudinal  supports  for  the  rails  on  which  the  bridge  works.  In  a 
factory,  a  set-off  in  the  wall  (Fig.  263)  affords  such  continuous  support 
as  to  require  only  a  longitudinal  sleeper  below  the  rails.  Sometimes  the 
girders  or  beams  are  carried  on  brick  piers  or  iron  pilasters  (Fig.  264) 
at  short  distances  apart,  or  on  corbels  projecting  from  the  wall,  or  on 
small  brackets  (Fig.  265)  cast  on  or  bolted  to  the  columns  which 
support  the  roof.  In  engineering  factories  it  is  important  to  allow 
ample  headway  under  the  crane,  so  that  the  travelling-bridge  will 
pass  clear  of  any  lofty  machine  or  structure  that  may  have  to  be 
erected.  And  in  large  workshops  there  are  sometimes  two  travel- 
ling-bridges at  different  levels  so  that  one  can  pass  under  the  other. 
The  motive  power  is  given  in  various  ways.  In  the  simplest  cases, 
for  weights  not  exceeding  one  ton  a  rope  passing  over  a  grooved 
wheel  of  large  diameter,  as  in  a  whip  crane,  allows  the  power  to 
be  applied  from  below.  For  small  cranes  and  simple  cases,  an 
ordinary  crab  or  winch  is  fixed  on  the  bridge,  with  gear  by  which  it 
may  be  made  to  traverse  the  bridge,  the  forward  movement  being 
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separately  performed  by  simple  gearing  attached  to  one  of  the 
travelling  carriages  on  which  each  end  of  the  bridge  rests.  Some- 
times every  movement  is  performed  from  below,  the  forward  motion 
of  the  bridge,  the  traversing  of  the  winch  on  the  bridge,  and  the 
lifting  of  the  load,  being  effected  by  various  clutches  manipulated  by 
the  workman  in  charge.  In  powerful  cranes,  however,  it  has  been 
usual  to  have  a  steam-winch  on  the  bridge,  which  not  only  serves  for 
hoisting,  but  for  the  traversing  and  longitudinal  movements.  An 
overhead  boiler,  with  the  attending  inconveniences  of  hot  water  and 
cinders  falling,  is  not  wholly  satisfactory.  In  factories,  advantage  is 
sometimes  taken  of  a  fixed  steam-engine  to  transmit  power  by  a 
longitudinal  shaft  the  whole  length  of  the  traveller,  and,  the  shaft 
being  square  in  section,  the  wheels  which  take  power  from  it  slide 
on  the  shaft  as  the  bridge  travels.  Or,  power  is  brought  from  a  fixed 
engine  by  cotton,  hempen,  or  wire  rope,  either  of  which,  if  run  at  a 
high  speed,  need  be  but  of  small  diameter.  By  this  means  the 
lifting  and  other  movements  may  be  managed  either  from  the  bridge 
or  from  below,  but  in  neither  case  is  there  obstruction  from  steam,  or 
boiler  or  winch-handles  on  the  crane  itself.  A  lo-ton  crane  for 
spanning  40  ft.,  and  arranged  to  take  power  from  a  quick-running 
rope  as  above  described,  costs,  fixed  in  place,  but  exclusive  of  longi- 
tudinal beams  on  which  the  bridge  travels,  from  ;^4So  to  ^500, 
according  to  local  circumstances.  If  strong  enough  to  lift  20  tons, 
the  cost  would  range  from  ;^6oo  to  ;^7oo. 

The  whole  question  of  applying  power  to  travelling-cranes  has 
been  modified  by  the  successful  application  of  Electro-motors,  The 
easiest  cases  for  this  method  are  obviously  those  where  an  electric 
generator  and  transmission  system  are  already  established  for  lighting 
or  for  power  distribution.  Even,  however,  where  such  a  general 
application  is  wanting,  it  may  be  advantageous  to  generate  electricity 
for  the  one  purpose  of  the  crane,  if  any  service  beyond  that  of 
manual  power  is  required.  By  this  means  the  necessity  for  belting 
or  ropes  constantly  running  is  entirely  avoided,  as  well  as  the  still 
greater  inconvenience  of  a  steam-engine  and  boiler  on  the  crane.  In 
the  desire  to  minimise  the  number  of  electric  machines,  it  has  been 
usual  to  have  only  one  such  motor  on  the  crane,  and  to  direct  the 
force  to  the  different  purposes  of  hoisting,  traversing,  and  travelling 
by  means  of  clutches  or  toothed  wheels.  Since,  however,  it  has  been 
found  that  small  electro-motors  can  run  constantly  or  intermittently 
for  long  periods  with  no  more  attention  or   need  for  repairs  than 
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Other  simple  machinery,  it  has  been  found  cheapest  to  apply  a 
separate  reversible  motor  to  each  of  these  three  movements.  A 
lo-ton  travelling  crane  40  ft.  span,  with  three  such  motors,  woukl 
cost,  exclusive  of  the  bare  conductor  wires  along  the  workshop,  from 
;^56o  to  ;;^6oo,  and  if  for  lifting  20  tons,  from  ;£"7So  to  ;^8oo.  If 
electric  generators  are  already  provided  in  a  factory,  the  cost  of 
applying  the  power  does  not  exceed  that  of  a  steam  boiler  and 
engine  on  the  crane,  but  even  where  an  electric  generator  has  to 
be  supplied  for  the  purpose,  the  advantages  gained  in  simple  and 
cheap  working  will  generally  repay  :th^  extra  cost. 

When  the  articles  to  be  lifted  are  of  iron  and  steel,  they  may  be 
lifted  without  hook  or  sling  by  bringing  into  contact  with  them  an 
iron  bar  magnetised  at  will  by  switching  on  the  electric  current. 
These  magnets  were  at  first  applied  to  the  lifting  of  small  weights 
such  as  pigs  of  iron,  but  have  been  safely  used  for  loads  of  two 
tons. 


JLarge  cranes  need 
special  design. 


Derricks. 
Seepage  788. 


All  the  types  of  cranes  that  have  been  here  described  are  made 
in  various  ways  by  different  manufacturers,  whose  catalogues  afford 
ample  choice.     But  the  diversity  of  design  which  the  competition  oT 
makers  affords,  and  which  is  available  for  cranes  of  moderate  power, 
becomes  rapidly  less  as  the  size  and  capacity  of  the  crane  increase. 
For  in  designing  cranes  with  a  capacity  beyond  15  tons,  every  cir- 
cumstance of  locality  or  purpose  acquires  enhanced  importance,  and 
it  is  generally  necessary  or  expedient  to  make  a  new  or  modified 
design.    Large  cranes  are  so  expensive  that  the  preliminary  question 
of  the  permanence  of  the  service    should  be  fully  considered,  as 
temporary  hoisting  apparatus  can  generally  be  more  cheaply  con- 
trived.    Thus,  in  the  case  of  public  works,  if  large  masses  of  stone 
or  concrete  have  to  be  lifted  during  a  short  period ;   or  in  the  estab- 
lishment of  a  factory,  the  unloading  of  boilers ;  or  at  a  fortress,  of 
heavy  guns,  derricks  might  be  cheaply  erected  and  removed  when 
the  work  was  accomplished.      As  previously  mentioned,  loads  even 
as  great  as  50  tons  can  be  lifted  from  one  mast  or  baulk  of  timber, 
the  necessary  adjuncts  of  guy-ropes,  crab,  and  sheave-pulleys  being  in 
themselves  comparatively  inexpensive.     For  unloading  from  a  ship, 
however,  a  single  piece  of  timber  would  seldom  be  sufficient,  with- 
out great  risk  and  difficulty,  and  sheers  formed  by  two  tnasts  would 
be  necessary. 

If,  however,  the  lifting  of  a  heavy  weight  will  periodically  recur, 
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then  the  capital  outlay  for  a  permanent  crane  becomes  justifiable.    ,^i^n?craifM. 
Thus,  at  a  government  dockyard  or  arsenal  it  is  necessary  to  have  a 
crane  strong  enough  for  the  heaviest  gun  or  armour-plate  ;   and  at  a  At  ^^^Jj^JJ^"^*"** 
mercantile  port  where  locomotives,  large  boilers,  or  guns  are  shipped 
or  landed,  one  large  crane  is  generally  indispensable.     Sheers  as 
shown  on  page  789  are  most  frequently  adopted  for  these  special 
purposes.      And    even  on  public  works  to  be  completed  within  a 
limited  period,  the  time  may  be  long  enough  and  the  operations  so 
numerous  within  the  period,  as  to  amply  repay,  by  the  conveniences 
afforded,  the  greater  cost  of  a  permanent  crane  over  that  of  tem- 
porary apparatus.     At  arsenals,  dockyards,  or  mercantile  ports,  if  the 
weights  to  be  lifted  do  not  exceed  25  tons,  a  wharf-crane  is  gene-    '  '^"^crane^*^ 
rally  the  most  suitable  kind,  and  the  expense  of  a  self-contained 
crane  according  to  method  a  has  to  be  incurred.     The  kind  and  cost 
of  foundations  is  then  a  question  of  great  importance,  but  if  there  be      Foundations, 
great  difficulty  in  regard  to  foundations  then  method  ^  or  f  affords  •^'^  *»*•''•  ^^^^ 
certain  advantages.     Jib-cranes  are  seldom  made  for  loads  above 
25  tons,  permanent  sheers  or  derricks  then  becoming  preferable. 

Some  of  the  most  powerful  cranes  are  those  which  have  been 
designed  for  lifting  concrete  blocks  in  the  construction  of  harbours  ^^^"c^t^biiJkB*^ 
and  breakwaters.    As  the  modern  use  of  concrete  has  extended,  the      seepagt  787. 
size  and  weight  of  such  blocks  have  tended  to  increase,  and  blocks 
weighing  30.  tons  are  frequently  made,  and  occasionally  blocks  of 
100  tons  and  upwards.     It  is  not  merely  the  weight  which  deter- 
mines the  strength  of  the  crane,  but  the  necessity  for  a  far-reaching  Par-reachinK  jibs, 
jib  or  arm  to  deposit  the  blocks ;  and  it  is  evident  that  the  strain 
on  the  crane  is  in  a  rapidly  increasing  ratio  to  the  load  as  the  over- 
hang and  leverage  become  greater.     Indeed,  some  of  the  machines 
constructed   for  lifting  heavy  weights   are    outside    any  ordinary 
category  of  cranes. 

Engineers  in  designing  harbours  or  breakwaters,  finding  that  no 
existing  kind  of  apparatus  will  lift,  convey,  and  deposit  the  heavy  Special  cranes  for 
masses  with  which  they  have  to  deal,  design  cranes  specially  for  their 
purpose,  not  only  in  regard  to  the  main  points  of  lifting  and  traversing 
the  load,  but  also  to  secondary  points,  which  are  of  scarcely  less  im- 
portance. Thus,  the  crane  must  be  placed  so  as  to  be  easily  acces- 
sible to  the  loads  brought  to  it,  and  to  deliver  them  conveniently  on 
the  desired  spot ;  and  the  crane  itself  must  present  as  little  obstruction 
as  possible.  The  greater  and  more  extended  the  work  to  be  done, 
the  greater  the  expenditure  which  is  justifiable.    For  instance,  in  the 
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construction  of  a  harbour  or  breakwater,  a  movable  crane  for  deposit- 
ing heavy  blocks  of  stone  or  concrete  may  be  so  arranged  as  to  be 
clear  of  the  road  or  railway  by  which  the  blocks  are  brought  to  it,  so 
that  wagons  may  pass  freely  under  it  while  the  load  is  being  lifted,  tra- 
versed, and  lowered  into  place.  Thus  a  breakwater  or  sea-wall  having 
been  first  made  wide  enough  b  c  for  a  single  line  of  rails,  a  crane  a 
(Figs.  366  and  267)  moving  on  these  rails  may  serve  to  lift  concrete 
blocks  brought  within  its  reach  either  by  water  to  the  side  of  the 
structure,  or  by  the  railway  G  on  the  already  widened  part,  and  may 
then  move  forward  to  £  to  deposit  them  at  f,  so  as  to  widen  the 
structure  along  its  whole  length.  Another  form  of  crane  (Fig.  268), 
equally  powerful  but  more  elaborate,  is  one  of  a  hybrid  kind,  the 
lower  part  consisting  of  a  travelling  stage  and  the  upper  part  of  a 
movable  crane  which  can  traverse  the  whole  width  of  the  staging. 
A  lifting  machine  of  this  kind  is  arranged  for  working  at  the  end  of 
a  structure,  building  it  forward  into  the  sea ;  the  wagons  passing 
through  from  behind  till  the  blocks  they  carry  are  within  the  grasp 
of  the  overhanging  jib.  The  block  of  stone  or  concrete  having  been 
seized,  the  carriage  on  the  jib  from  which  the  load  is  suspended  is 
propelled  forward,  and  the  crane  itself  traversed  across  the  stage  till 
the  block  overhangs  the  desired  spot,  when  it  is  lowered.  It  will 
be  seen  that  these  special  cranes  have  only  a  rectangular  motion, 
and  are  limited  therefore  to  a  particular  range  of  duty.  Jib-cranes 
revolving  on  a  pivot  or  turntable,  and  mounted  on  a  travelling  stage 
(Fig.  269),  while  allowing  the  same  unobstructed  space  below,  can 
slew  round  in  every  direction,  and  are  therefore  suitable  for  more 
varied  purposes.  But  in  a  jib-crane  of  this  sort  there  is  the  disad- 
vantage that  the  load  cannot  be  racked  in  and  out  as  in  a  foundry 
crane,  and  the  alternative  plan  of  raising  and  lowering  the  jib  is 
often  inconvenient.  As,  however,  a  short  range  of  such  racking 
movement  is  sufficient  in  most  cases  for  adjusting  a  load,  the  slanting 
jib  may  be  prolonged  horizontally  for  a  few  feet,  and  a  travelling 
carriage  placed  upon  it  as  on  the  jib  of  a  foundry  crane.  Huge 
machines  of  ihe  kinds  just  described  for  lifting  weights  of  25  to  30 
tons,  and  depositing  them  from  a  jib  overhanging  30  to  50  ft.,  cost 
from  ;^20oo  to  ^4000. 


Floating-cranes.         Flooting-crams  of  considerable    power    are    often   required   in 

harbours  and  docks  for  use  in  cases  where  it  is  more  convenient 
to  bring  the  crane  to  the  sh'p  than  the  ship  to  the  crane.     Strong 
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vessels  are  needed  to  sustain  such  cranes,  and  while  the  stability 

depends  primarily  on  the  breadth  of  beam,  the  suspended  loads  are 

pwirtly  balanced  by  water-tanks  or  other  counterpoise.   A  floating-crane 

with  jib  projecting  20  ft  beyond  the  side  of  the  vessel  on  which  it 

stands,  and  for  lifting  loads  of  20  tons,  will  cost  from  ;£6ooo  to 

;^8ooo.     In  some  harbours  where  vessels  of  deep  draught  cannot 

lie  alongside  a  wharf,  floating-cranes  or  derricks  are  used  for  dis-       How  used. 

charging  cargo  into  lighters,  but  in  such  cases  the  cranes  are  usually 

of  moderate  power,  and  the  peculiarity  lies  in  the  arrangement  of 

numerous  cranes  on  one  hull  as  they  might  be  on  a  wharf.     Coals 

and  similar  bulk-cargo  may  be  rapidly  discharged  from  a  ship  to 

barges  by  numerous  cranes  fixed  on  a  floating  hull,  and  working 

simultaneously  at  two  or  more  hatchways.     A  complete  hydraulic 

equipment  will  generally  prove  best  for  rapid  working.     Grain  in 

bulk  is  best  lifted  by  "  elevators,*'  which  have  a  series  of  buckets  on 

an  endless  chain  and  ladder,  something  like  a  dredger ;  and,  one  end 

of  the  ladder  being  inserted  in  the  hold,  the  buckets  scoop  up  the 

grain  and  deposit  it  either  on   barges  or  into  railway  wagons  on  Grain  elevators. 

shore,  or  to  the  upper  story  of  a  warehouse.     These  elevators  are 

sometimes  fixed  on  a  floating  vessel  and  sometimes  on  shore,  and 

they  are  as  well  suited  for  delivering  into  a  ship  as  from  it. 

To  allow  a  selection  of  a  crane  best  suited  to  the  purpose  in  view,   choice  of  crane, 
or  to  enable  an  engineer  or  manufacturer  to  make  an  appropriate    ®^   ***""  "* 
design,  some  or  all  of  the  following  points  need  consideration,  the 
importance  of  every  incident  increasing  as  the  hfting  power  and 
radius  required  become  greater  : — 

1.  The  average  and  maximum  Weight  of  the  articles  to  be  lifted, 
and  the  relative  frequency  of  each.     If  the  maximun  weight  seldom 

occurs,  it  will  be  desirable,  while  providing  the  full  power,  to  make         Power, 
the  arrangements  conform  specially  to  the  more  frequent  operations. 

2.  The  Size  or  bulk  of  the  pieces  to  be  lifted.     The  shape  of  the  sixe  and  shape  of 
jib  has  often  to  be  modified  and  made  of  appropriate  shape,  this  p***^*"  *®  ***  *  ^' 
point  having  to  be  considered  in  connection  with  the  length  or  pro- 
jection of  the  jib ;  and  on  this  the  resisting  power  of  the  crane  and 

the  strength  and  cost  of  the  whole  apparatus  often  depend.     In  con- 
nection with  this   point  it  must  also  be  considered  whether  the 
radius  will  have  to  admit  of  alteration,  and  the  lifting  power  may  be    Altering  radius, 
modified  accordingly.     Thus,  a  crane  which  will  lift  12  tons  at  the      See  pagers^, 
extreme  radius  may  be  arranged  so  that  it  will  lift  20  tons  with  a 
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shortened  jib.     Directions  as  to  the  safe  limits  of  loading  should  be 
conspicuously  affixed  to  the  crane,  to  prevent  misuse  and  accident. 

3.  The  nature  of  the  operations  to  be  performed  and  their  Fre- 
quency^ so  far  as  will  determine  the  expediency  of  steam-power  and 
other  arrangments  for  quick  working.  Any  special  circumstances,  such 
as  rapid  working  during  limited  hours  of  tide,  should  be  considered. 

4.  The  average  and  maximum  Height  of  lift  for  which  a  winding- 
drum  and  chain  must  be  provided. 

5.  If  a  Steam-crane  is  required,  the  kind  of  fuel  should  be 
described  ;  if  Hydraulic  power,  then  the  nature  of  the  apparatus  and 
pressure  which  is  available  ;  if  electric  power  is  already  established, 
the  system  and  the  voltage,  with  which  the  crane  motors  must  accord. 

6.  If  for  permanent  use  in  one  place,  a  Flan  of  the  j//r  is  useful  in 
assisting  the  choice  of  kind  and  shape  of  crane.  If  a  wharf-crane  is 
required,  the  nature  of  the  ground  and  its  suitability  for  foundations 
should  be  described.  If  the  crane  is  for  an  iron  or  timber  jetty,  a 
description  or  drawing  of  it  should  be  furnished,  so  that  the  suffi- 
ciency of  the  structure  to  support  the  crane  when  loaded,  or  the 
method  of  strengthening  it,  may  be  considered. 

7.  If  a  crane  on  travelling-wheels  is  required,  the  width  of  the 
existing  railway  Gauge^  and  the  width  and  height  permitted  for 
passage  through  bridges.  But  if  rails  are  to  be  laid  down  specially 
for  the  crane,  the  limit  of  width  within  which  the  gauge  may  be  made 
to  suit  the  crane. 

8.  In  cranes  of  moderate  power  it  should  be  stated  whether  hemp 
Ropes  and  chains.  Ropes^  iron  Chains y  or  wire  ropes  are  preferred,  as  the  winding-drum 

as  well  as  the  sheave-blocks  must  be  made  accordingly.  Hemp  ropes 
are  not  suitable  if  exposed  to  the  weather,  and  for  any  but  moderate 
weights  are  cumbersome  and  inconvenient.  Steel  wire  rope  is  now 
available  as  a  substitute  for  chain  or  hemp  rope,  and  offers  the  great 
advantage  that  it  shows  signs  of  deterioration,  and  is  not,  like  a  chain, 
liable  to  sudden  fracture.  But  as  wire  ropes  of  various  kinds  and  for 
various  purposes  are  made,  it  is  important  that  rope  of  sufficient 
flexibility  should  alone  be  employed.  The  manufacturer  should  be 
informed  of  the  purpose  for  which  it  is  required  and  the  diameter  of 
the  barrel  on  which  it  is  to  wind. 


Wire  rope. 


\See  also  Harbours  and  Docks:   Factories: 
The  Transmission  of  Power.] 
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PILE-DRIVERS. 


foun^B^ 


Boring-tools,  which  find  their     Borim-tooi.. 

principal  use  in  prospecting       "^^^'^f' 
for  minerals  and  in  sinking 
artesian  wells,  are  useful  also 
to  the  engineer  or  contractor 
for  proving  the  nature  of  the 
ground  for  foundations.    The 
latter    may    sometimes     be 
sufficientiy     ascertained    by 
digging  trial-pits,   and  such 
pits  dug  on  the  banks  of  a 
river    will    generally    prove 
the  stratum  likely  to  be  met 
with  in  the  river  bed  iiself. 
But  water  in    the    pits  gen- 
erally hinders  the  excavation 
in  this  way,  and  for  any  but 
moderate  depths  boring-tools 
become  necessary.     In  the  construction  of  bridge-piers,  of  whatever  For  bridge-pi 
kind,  it  is  important  that  the  nature  of  the  foundations  should  be       ^"ff  ■;■ 
investigated  before  the  form,  dimensions,  and  depth  of  the  piers  can 
be  determined.     The  firmness  of  the  ground  or  the  friction  it  would 
afford  to  piles  screwed  or  driven  down,  may  sometimes  be  sufficiently 
ascertained  by  driving  iron-shod  piles  or  iron  bars  into  the  ground 
and  carefully  recording  the  shape  and  size  of  such  piles  or  rods,  as 
well  as  the  number  and  weight  of  blows  by  which  they  have  been 
driven  a  certain  depth.     But  informarion  so  obtained  is  inconclusive, 
and  raore  elaborate  plans  are  occasionally  necessar)'.     A  sample  from 
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the  bottom  of  a  trial-pit,  when  water  hinders  further  excavation,  or 
from  the  river  bed  itself,  may  be  obtained  by  a  worm-auger  of 
peculiar  form  screwed  into  the  ground.  The  depth  to  which  this 
plan  is  effectual  depends  on  the  cohesion  of  the  soil.  If  the  strata 
be  of  clay  or  gravel  the  worm -auger  may  be  used  for  6  or  8  ft.,  but 
the  sides  of  the  hole  often  fall  in,  and  a  fair  sample  can  only  be  obtained 
by  first  driving  a  tube  and  screwing  down  the  worm-auger  inside  it 

For  boring  considerable  depths,  either  in  prospecting  for  minerals 
or  in  well-sinking,  if  the  stratum  to  be  pierced  is  appros^imately 
known,  it  may  be  possible  to  confine  the  choice  of  tools  to  those 
most  suitable ;  but  where  the  nature  of  the  strata  is  uncertain,  the 
boring  apparatus  must  vary  in  kind,  so  as  to  pierce  any  stratum  that 
may  be  encountered.  For  most  kinds  of  ground,  a  boring-rod  shaped 
like  an  auger  (Fig.  271)  is  screwed  into  the  earth,  but  when  rock 
has  to  be  pierced,  cutting-chisels  or  "drills"  (Figs.  272,  273)  are 
driven  by  percussion.  A  tripod  or  sheers  is  placed  over  the  bore- 
hole, and,  by  means  of  a  rope  passed  round  a  pulley,  the  rods  can  be 
lifted  by  a  windlass  or  steam-winch ;  and  when  rock  or  stony  ground 
is  met  with,  the  process  of  "jumping'*  the  hole  is  performed  by 
lifting  and  letting  fall  the  rods,  the  weight  and  percussive  force 
becoming  very  considerable  as  the  depth  increases. 

A  usual  method  of  commencing  boring  operations  is  to  use  first  a 
worm-auger  (Fig.  274)  for  penetrating  the  hard  crust  and  for  loosening 
the  earth  below,  and  then  to  substitute  an  open  or  "clay"  auger 
(Fig.  271).  A  short  length  of  pipe  is  sometimes  driven  into  the  hole 
at  the  commencement,  so  as  to  prevent  the  surface-earth  falling  in. 
The  turning  is  done  by  means  of  tillers  or  handles  fixed  on  the  top 
length  of  rod  and  worked  by  two  men  as  long  as  the  process  is  easy, 
and  then,  by  lengthening  the  handles,  by  four  or  more  men,  or  by 
Boring-rods  in    Cattle  or  Steam  power.     The  rods  are  made  in  lengths  of  10  or  20  ft., 

xo  or  33 
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r 


»74 


engt  8.  ^^^  ^  length  is  added  as  the  tools  descend.  When  the  auger  is  full 
of  earth  or  clay  it,  with  the  rods  above  it,  is  raised  by  means  of  the 
sheers  and  windlass,  and  the  augers  emptied.  In  deep  boring,  as 
the  depth  increases,  the  uncoupling  of  numerous  lengths  of  rod  each 
time  that  the  augers  are  lifted  becomes  tedious,  but  some  of  this 
labour  may  be  saved  by  erecting  light  but  lofty  sheers  above  the 
bore-hole,  so  that  lengths  of  40  ft.  may  be  lifted  at  once.  For  longer 
lengths  a  light  framework  may  be  erected,  or  a  tripod  of  poles  lashed 
together  at  the  top.  Or  if  the  first  part  of  the  excavation  has  been 
by  digging,  the  boring-rods  may  be  worked   from  the  bottom  of 
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the  well  or  pit,  and  the  rods  may  be  uncoupled  only  in  long 

lengths.     Thus  if  the  pit   be  50  ft.  deep,  the  rods  need  only  be 

divided  into  similar  lengths.     When   it  is  desired  to  examine  the 

stratification  of  the  ground  more  exactly  than  the  ordinary  auger 

allows,  an  auger  of  peculiar  form   is  used  in  which  the  earth  or 

clay  passes  up  intact  as  a  solid  core.     If  rock  or  stones  are  met 

with,  and  it  is  necessary  to  cut  through  them,  a  chisel-ended  tool  is  See  Figs.9j^6i'riz 

substituted  for  the  auger,  and  is  **  jumped  "  or  driven  against  the 

rock  by  lifting  the  apparatus  by  the  sheers  and  letting  it  fall,  its 

own  weight  giving  the  necessary  force.     This  plan  becomes  difficult 

at  a  great  depth,  as  the  rods  vibrate  and  break  the  sides  of  the  hole ; 

the  great  weight  requires  considerable  force  to  lift  the  rods  at  each 

blow,  and  tends  to  break  the  lower  lengths.     Boring-rods  of  this  kind     see  also  kqck- 

are  partially  turned  at  each  blow,  so  as  to  make  the  hole  circular.  d«>i-ls,A»/* 

When  the  tool  has  passed  through  the  rock,  recourse  may  be 
again  had  to  the  auger,  unless  the  ground  has  become  wet  or  soft, 
when  another  tool,  called  the  shell  or  pump-auger,  which  has  a  valve  sheii-augcr*. 
at  its  extreme  end,  is  used,  and  this  valve  will  retain  .silt  or  sand,  or 
anything  too  soft  to  pass  up  the  ordinary  auger.  When  boring 
through  running  sand  or  other  soft  stratum,  it  is  necessary  to  drive 
a  pipe  down  the  bore-h^)le  to  prevent  the  soil  closing  round  and 
choking  it.  The  pipe  is  passed  down  from  the  surface  through  the 
hard  ground,  and  is  then  driven  through  the  soft  lower  stratum,  the  Boring  through 
pipe  being  cleared  from  time  to  time  by  a  shell-auger.     If  hard  stratum  ^  ^^' 

be  again  encountered,  it  is  necessary  to  recommence  with  a  tool  of 
smaller  diameter  that  will  pass  through  the  pipe.     Hence,  when 
deep  borings  are  anticipated,  it  is  important  to  commence  with  a    Deep  boring  at 
large  tool,  as  it  may  be  necessary  to  reduce  the  diameter  three  or  "**"^*^  diameter, 
four  times  in  a  depth  exceeding  1000  feet. 

The  tools  above  described  are  made  of  various  sizes  and  shapes 
to  meet  the  different  occasions  that  arise,  but  besides  the  actual 
boring-tools  and  rods  there  are  numerous  secondary  tools  that  become 
necessary.  Thus  there  are  grappling  tools  of  various  kinds  and  orappUng  toou. 
shapes,  for  seizing  rods  or  pipes  that  become  disconnected  in  the 
bore-hole,  or  stones  that  impede  the  augers  ;  pincers,  clamps,  hooks 
and  tubes.  All  these  must  be  made  of  good  tough  iron  or  steel  to 
withstand  the  rough  usage  and  the  oft-repeated  strains  that  are 
unavoidable  in  boring  operations. 

For  testing  ground  down  to  30  fi,  the  necessary  tools  can  be  pur-         Coat  of 
chased  for  about  £1^,  but  the  expense  increases  with  the  depth  of     *'°'^"''***°*** 


8i6 


Mathesons  Aid  Book.     [Chap.  XXVIIl. 


Cost  of  rods. 


bore-hole,  so  that  the  tools  cost  about  ;£'ioo  for  a  bore  of  300  ft. 
The  deeper  the  hole,  the  greater  the  variety  of  strata  likely  to  be  met 
with,  and  therefore  a  corresponding  number  of  tools  must  be  pro- 
vided. Moreover,  if  deep  boring  is  anticipated,  the  hole  must  be 
made  of  large  dimensions  at  the  top,  larger  and  more  expensive  augers 
and  chisel-drills  becoming  necessary.  The  rods  are  square  bars  of 
iron  or  steel  with  screwed  socket-joints ;  they  are  generally  made  in 
lengths  of  10  ft.  or  20  ft,  and  they  must  be  strong  in  proportion  to 
the  depth  of  hole.  Thus,  i-in.  rods,  costing  about  23J.  per  lo-fL 
length,  are  usually  strong  enough  for  holes  200  ft  deep ;  i^-in.  rods, 
costing  about  27X.  per  lo-ft  length,  are  needed  for  holes  down  to 
400  ft ;  while  between  400  and  700  ft.  i  J-in.  rods,  costing  about  36^. 
per  10  ft.,  become  necessary,  and  so  on.  For  deep  borings,  or  where 
rapid  work  is  desired,  a  steam-engine  is  a  necessary  adjunct,  though 
horse  or  cattle  power  may  be  substituted  Staging,  sheds,  and  various 
other  accessories  have  also  to  be  provided,  often  at  considerable 
expense. 

A  proper  choice  of  boring-tools  depends  upon  a  full  knowledge  of 
how  determined,  the  circumstanccs ;  and  therefore  the  Purpose^  the  probable  StreUa^ 

the  anticipated  Depth,  the  extent  of  the  operations  and  the  Diameter 
wanted  at  the  bottom  of  the  hole  should  be  fully  described  to 
those  concerned.  The  conditions  under  which  boring  operations  are 
carried  on  are  so  varied,  and  the  accidents  that  occur  so  peculiar,  that 
experienced  workmen  are  necessary  for  any  but  the  simplest  cases. 


Steam-power 
accessories. 


Choice  of  tools. 


275- 
Rock-drills. 


Percussion  Rock-drills  are  used  in  sinking  shafts  and  driving 
galleries  in  mining  and  tunnelling,  for  boring  the  holes  in  which  the 
explosives  are  placed.  Drilling  by  hand,  which  was  the  only  plan 
available  till  machine  rock-drills  were  invented,  is  slow  and  laborious, 
and  quite  inadequate  for  large  or  speedy  operations.  The  actual 
drilling-bit,  or  boring  tool  of  the  machine,  resembles  the  hand-drill  in 
being  driven  against  the  rock  by  a  succession  of  blows,  and  in  the 
partial  turning  of  the  bit  between  each  blow,  but  the  bits  or  boring- 
tools  themselves  are  generally  stronger,  being  made  of  various  shapes 
from  steel  rolled  for  the  purpose.  While  a  hand-drill  is  limited  to  8 
or  10  comparatively  feeble  blows  per  minute,  a  machine-drill  gives 
from  300  to  600  blows  per  minute,  and  each  with  great  force  accord- 
ing to  the  diameter  of  the  cylinder  and  pressure  available. 

A  machine-drill  forms  a  complete  steam-engine  or  compressed-air 
engine.     There  is  a  cylinder  with  piston,  and  to  the  piston-rod  the 
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drill  is  attached,  so  as  to  give  a  direct  blow  on  the  rock,  a  fresh  length 
or  piece  of  drill-bar  being  inserted,  as  in  well-sinking  with  boring 
rods,  as  the  hole  advances.  The  blow  is  struck  as  by  a  chisel,  and 
between  each  blow  the  drill  turns  partially,  so  as  to  render  the  cutting 
edges  effective  and  to  maintain  a  round  h'lle.  The  drill  is  made  to 
advance  by  a  forward  movement  of  the  cylinders,  controlled  by  the 
man  in  charge,  but  where  several  drills  are  mounted  on  one  frame,  as 
in  tunnelling,  the  forward  movement  is  automatic,  because  there  is 
not  room  for  a  man  at  each  drill,  while  one  man  can  attend  to  several 
automatic  drills.  It  is  in  these  points,  as  well  as  in  the  kind  of  slide- 
valves  or  other  mode  of  controlling  the  steam  or  compressed  air,  that 
the  machines  of  different  inventors  differ. 

Steam  and  compressed  air  are  the  motive  powers  generally  em- 
ployed for  rock-drills  because  the  elastic  force  is  well  suited  to  the 
sharp  percussion  required.  Water  has  been  used  as  a  motive  power, 
but  the  occasions  when  it  can  be  obtained  in  sufficient  quantity  and 
force  at  the  right  place,  without  its  exhaust  or  "  tail "  being  in  the 
way,  are  so  rare  that  it  hardly  needs  consideration.  The  direct  use 
of  steam  is  the  cheapest,  as  there  is  necessarily  loss  of  power  when  a 
steam-€ngine  is  applied  to  the  intermediate  purpose  of  compressing 
air,  and  there  is  again  a  loss  when  the  compressed  air  gives  out  its 
force  in  the  drill  Moreover,  while  only  a  steam-boiler  is  wanted  in 
the  one  case,  an  engine  and  air-compressor  are  wanted  in  the  other. 
For  these  reasons  steam  is  preferred  where,  as  in  open  quarries  and 
railway  cuttings,  its  use  is  practicable  and  convenient.  But  rock- 
drilling  has  in  the  majority  of  cases  to  be  done  in  mines  and  tunnels 
so  far  from  the  open  air,  or  in  such  confined  spaces,  that  a  boiler  for 
generating  steam  becomes  impossible,  and  even  if  steam  be  brought 
in  pipes  from  the  outside  it  is  oppressive  or  unendurable.  The  modern 
system  of  using  as  power  compressed  air  brought  in  pipes  from  a 
compressor  at  a  distance,  has  therefore  proved  of  great  advantage, 
and  is  indeed  more  associated  with  rock-drilling  than  with  any  other 
operation.  The  manufacture  of  air-compressors  for  the  purpose  has 
become  a  specialty  of  trade.  Even  in  open  work  compressed  air  is 
frequently  employed  where  the  apparatus  has  to  be  provided  for 
tunnel  work. 

Where  cheap  water-power  is  available  for  turbines  or  wheels  for 
compressing  the  air,  the  loss  in  transmutation  may  be  of  little  conse- 
quence, and  rock-drilling  is  then  performed  under  the  most  favour- 
able  conditions,  because,  apart  from  the  cost,  air  is  preferable  to 
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Steam.  In  regard  to  the  transmission  of  steam  from  the  boiler  to  the 
drill,  there  is  always  loss  by  condensation,  the  precautions  for  retain- 
ing the  heat,  which  are  usual  and  feasible  in  permanent  situations, 
being  inconvenient  in  temporary  and  movable  apparatus ;  and  the 
limit  of  distance  is  less  than  with  air,  which  can,  if  necessary,  be  con- 
veyed for  several  miles  in  pipes  with  little  loss.  Moreover,  if  steam 
be  used,  the  machine  and  pipes  become  inconveniently  hot,  and  the 
exhaust-steam  is  an  annoyance.  Compressed  air  is  free  from  these  ob- 
jections, and  has,  as  already  described,  the  distinct  advantage  of  cool- 
ing and  ventilating  the  place  where  it  is  discharged,  a  circumstance 
of  great  value  in  mines  and  tunnels,  especially  where  the  air  has 
been  fouled  by  the  explosion  of  gunpowder  or  dynamite. 

The  leading  dimension  which  determines  the  power  and  cost  of 
the  machine  is  the  diameter  of  the  cylinder ;  and  as  the  size,  strength, 
and  weight  of  the  parts  are  governed  by  this,  the  exigencies  of 
portability  and  space,  which  render  a  moderate  size  and  weight  neces- 
sary, limit  the  power  of  the  machine.  The  smallest  machines  are 
those  made  with  cylinders  of  about  2  in.  diameter,  but  these  are 
used  only  for  such  purposes  as  splitting  blocks  and  drilling  plug- 
holes. The  more  usual  sizes  of  machines  range  from  those  having 
cylinders  2]^  in.  diameter,  with  a  piston-stroke  of  3  to  5  in.,  and 
with  a  i6-in.  length  of  feed,  up  to  those  with  cylinders  4  in.  diameter, 
7  in.  stroke,  and  3  ft.  length  of  feed.  Machines  of  5  in.  and  even 
5^  in.  diameter  have  been  made  and  used  sometimes  for  prospecting 
on  exposed  reefs,  or  for  deep  holes  (30  ft  to  40  ft.)  where  the  weight 
of  the  rods  requires  extra  power,  but  they  are  unnecessary  even  for 
the  most  extensive  tunnelling  work. 

The  kind  and  number  of  machines  necesssary  for  any  particular 
case  depend  mainly  on  the  purpose  and  extent  of  the  operations. 
Single  small  machines,  though  apparently  effectual  for  a  depth  of  two 
or  three  feet,  are  quite  insufficient  for  speedy  work,  either  in  mining 
or  tunnelling ;  and  if,  as  often  happens  with  inferior  machines,  they 
get  out  of  order  and  cause  delay,  there  is  no  advantage  over  hand 
jumping-drills.  Rapid  and  continuous  working  without  breaking,  and 
the  facility  of  adjustment,  are  the  chief  recommendations  of  a  boring- 
machine.  The  action  of  a  machine  rock-drill  is  so  severe  as  to 
suggest  that  it  must  knock  itself  to  pieces,  or  irretrievably  damage 
some  of  its  parts ;  and  too  often  this  is  the  result,  only  to  be  post- 
poned by  slow  working  at  moderate  pressure.  A  strong,  well-made 
machine,  which  will  work  effectually  at  moderate  speed  and  pressure  if 
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the  available  power  be  small  or  if  applied  to  easy  work,  and  yet 
which  will,  without  damage,  work  at  high  pressure  and  speed  if  oppor- 
tunities offer,  is  the  one  which  is  most  remunerative  in  time  and 
money.  A  machine-drill  will  work  with  a  pressure  of  20  lbs.  per 
square  in.,  but  a  pressure  of  50  to  60  lbs.  is  best  if  the  rock  be  hard 
and  the  machine  well  made.  Generally  it  will  be  found  that  additional 
capital  outlay  to  obtain  the  best  apparatus  is  well  repaid  in  a  few 
weeks  of  working.  Ample  motive  power  should  be  provided,  for 
although  there  may  be  periods  of  rest,  during  which  steam  may  be 
generated,  a  machine  when  working  to  the  best  advantage  demands 
a  full  and  continuous  supply.  Even  for  small  machines  if  worked 
directly  by  the  steam,  it  is  seldom  advantageous  to  have  a  boiler 
of  less  than  6  horse-power,  and  this  will  suffice  for  two  machines. 
When  the  drill  is  worked  by  compressed  air,  an  engine  of  less  than 
lo-horse  power  is  seldom  satisfactory.  For  each  rock-drill  employed, 
an  additional  expenditure  of  from  ;£^2o  to  ^£^30  for  air-tubing  and 
drill-steel  must  be  reckoned,  but  for  tunnel  work,  when  compressed 
air  has  to  be  brought  a  long  distance,  the  cost  of  pipes  is  of  course 
much  larger.  The  proportionate  power  required  for  hard  and  soft 
rock  occasionally  varies  with  the  depth  of  the  hole,  because  there  are 
some  kinds  of  rock,  such  as  sandstone,  of  which  the  chips  and  dust  so 
choke  the  hole  that,  where  long  drills  are  needed,  the  aggregate 
friction  more  than  equals  the  resistance  of  hard  granite,  although  in 
the  latter  case  the  point  and  edges  of  the  bit  are  blunted  more.  The 
limit  of  depth  depends  primarily  on  the  power  of  the  piston  to  lift  the 
drill-rods  in  a  vertical  hole  or  to  overcome  the  friction  on  the  lower 
side  in  a  horizontal  hole.  The  maximum  depth  to  which  a  machine 
rock-drill  is  effective  is  about  30  ft.,  but  the  great  majority  of  drill- 
holes for  explosives  range  from  3  to  6  ft.  The  depth  of  the  hole  not 
only  increases  the  resis'ance,  but  diminishes  the  effective  diameter  of 
the  hole  or  explosion-chamber ;  because,  to  enable  the  drills  to  clear 
themselves,  the  diameter  of  the  hole  at  each  successive  length  becomes 
less,  the  taper  of  a  hole  ranging  from  -^q  in.  to  yV  i'^-  P^^  f*^o^ 
Moreover  if  the  hole  be  at  an  upward  angle,  the  weight  of  long  drill- 
rods  diminishes  the  effect  on  the  point,  but,  on  the  other  hand,  assists 
in  clearing  the  drill  in  the  backward  stroke. 

As  the  ultimate  purpose  of  a  drill-hole  is  the  fracture  of  the  rock, 
the  effective  use  of  a  machine  depends  not  only  on  its  capacity,  but 
on  the  skill  with  which  the  holes,  in  their  direction,  diameter,  and 
depth,  are  adapted  to  the  kind  and  stratification  of  the  rock,  so  that 
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the  explosive  will  split  it  most  effectually.  In  this  respect,  the  choice 
of  method  depends  upon  whether  the  mere  removal  of  the  rock  is 
the  object  in  view  or  whether  the  material  itself  is  of  value ;  and,  as 
in  the  case  of  slate,  marble,  or  building-stone,  where  pieces  of  certain 
shape  and  size  are  required,  the  holing  and  breaking  must  do  the 
minimum  of  injury  to  the  pieces.  The  diameters  of  ordinary  blast- 
holes  range  from  f  in.  to  2  in.,  but  they  are  seldom  less  than  i  in., 
except  for  plug-holes.  The  diameter  depends,  to  a  considerable 
extent,  on  the  depth  of  the  hole ;  first  because,  owing  to  the  clear- 
ance space  for  the  successive  lengths  of  drill,  the  deeper  the  hole, 
the  larger  it  must  be  at  the  outer  end  to  allow  of  a  taper  towards  the 
drill  point ;  and  secondly,  because  the  deeper  the  hole,  the  larger  is 
generally  the  mass  to  be  moved,  the  greater  the  effort  required,  and 
therefore  the  larger  the  ex  plosion -chamber.  It  is  sometimes  advan- 
tageous to  explode  first  a  small  cartridge,  which  clears  the  hole  and 
makes  a  chamber  for  the  effective  explosion.  This  method,  how- 
ever, is  only  suitable  for  certain  kinds  of  rock. 

It  is  impossible  to  state  exactly  the  depth  of  hole  which  a  rock-drill 
will  make  in  a  given  time,  as  the  variety  of  circumstances  to  be  taken 
into  account  is  obviously  very  great  Thus,  while  a  good  machine 
will  drill  as  much  as  6  in.  per  minute  in  hard  rock,  the  adjustment 
of  the  machine  as  well  as  the  withdrawal  and  renewal  of  the  boring- 
bits  occupies  so  much  time  that,  even  with  such  a  machine,  from 
70  to  100  feet  per  day  of  ten  hours,  if  maintained  regularly  with  the 
same  machine,  may  be  considered  satisfactory.  1  he  efficiency  of  a 
machine  depends  also  on  the  kind  and  suitability  of  the  accessories. 
For  ordinary  mining  or  prospecting,  two  3-in.  machines  will  generally 
suffice  at  each  place  of  working,  but  for  large  tunnelling  operations 
four  or  six  4-in.  machines  on  one  carriage  become  necessary  if  the  full 
advantage  of  the  process  is  to  be  obtained.  The  most  rapid  work  in 
large  tunnels  can  be  carried  on  in  a  heading  7  ft.  by  7  fc.  A  simple 
tripod  stand  is  sufficient  only  for  the  easiest  cases,  and  it  is  almost 
always  advantageous  to  have  stands  or  carriages  which  allow  of  easy 
adjustment  in  every  direction,  and  yet  which  will  remain  steady  under 
very  severe  work. 

A  rock-drill  with  3-in.  cylinder  costs  about  jQ^o,  and  to  this 
must  be  added  the  cost  of  the  stand,  the  air  or  steam  tubing,  and 
a  stock  of  drill  bits.  A  tripod  or  stand  of  the  simplest  kind  costs 
from  j£f)  to  ^£^12,  and  weighs  from  100  t)  150  lbs.;  but  it  is 
generally   expedient    to   have   a   stand   better  adapted   to   various 
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positions  and  steady  under  severe  work ;  such  stands  costing  from 
£iZ^  to  ;^6o,  and  weighing  from  100  to  250  lbs.  A  lo-horse- 
p)Ower  steam-engine  and  air-compressor  sufficient  for  two,  or  even 
for  four  machines,  if  not  all  working  at  once,  will  cost  about  ^£^400, 
including  boiler. 

For  rock-drilling  on  a  large  scale  much  more  elaborate  machinery 
is  required.  A  carriage  with  air-container,  and  having  six  rock-drills 
attached  to  it,  so  that  it  can  advance  on  a  line  of  rails  against  a 
tunnel  face,  costs  from  ;^5oo  to  ^£^700,  and  the  air-compressing 
machinery  and  the  numerous  accessories  would  cost  from  ;;^iooo 
upwards.  A  complete  equipment  for  the  largest  tunnelling  opera- 
tions would  cost  from  ;£^3ooo  to  ;^4ooo  if  the  full  advantage  of  the 
machine  process  is  to  be  obtained. 

Steel  of  the  best  kind  for  the  bits,  hard  for  cutting  and  yet  easily 
welded,  is  essential  to  the  profitable  working  of  a  machine-drill. 
Such  steel  cost^  from  ^40  to  j;^6o  per  ton. 

Although  rock-drills  as  above  described  are  most  profitably  worked 
by  steam  or  compressed  air,  hand- power  machines  have  been  intro- 
duced which  are  very  effective  where  a  motor  is  not  available,  and 
are  particularly  useful  for  mining  prospectors.  Such  a  small  machine 
which  is  worked  by  two  men  can  strike  from  150  to  180  blows  per 
minute,  of  from  150  to  200  lbs.  force,  nearly  half  as  much  as  a  3-inch 
steam-machine.  The  percussive  farce  is  obtained  in  some  of  these 
machines  by  the  recoil  of  a  powerful  spring,  and  in  others  by  the 
rebound  of  air  compressed  in  a  cylinder.  In  either  case  the  work  is 
very  trying  to  the  men,  and  a  double  or  treble  set  of  men  is  necessary. 
These  hand  machines  cost  about  ;^5o  each. 

Rock- drilling  is  sometimes  carried  on  under  water.  A  machine 
fixed  on  a  st.iging  or  boat  can  work  through  water  as  deep  as  10  ft , 
but  beyond  this,  the  percussion  of  so  great  a  length  of  drill  with- 
out guides  tends  to  break  it,  and  it  becomes  necessary  to  place  the 
drill  near  the  place  where  it  works.  Rock-drills  may  be  worked  by 
a  diver  in  helmet  and  dress,  or  from  a  diving-bell,  and  while  one  tube 
supplies  the  compressed  air  to  the  machine,  another  tube  brings  the 
exhaust-air  to  the  surface,  so  as  to  avoid  the  back  pressure  on  the 
piston  if  discharged  into  the  bell.  When  the  bell  or  caisson  is  in 
water  not  less  than  50  ft  deep,  the  machine-drill  may  with  such  an 
exhaust  be  worked  by  the  compressed  air  in  the  bell. 

The  rock-drill  has  been  used  almost  exclusively  as  a  preliminary 
and  accessory  to  explosion,  which  sometimes  so  breaks  the  rock  or 
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stone  as  to  reduce  the  value  of  many  of  the  pieces.  Improvements 
have,  however,  been  made  by  which  the  rock-drill,  suitably  mounted 
and  controlled,  may  be  traversed  in  a  direct  or  curved  line,  so  as  to 
cut  a  chase  or  channel  in  the  rock,  and  by  mounting  several  drills  on 
one  carriage  several  channels  can  be  cut  at  the  same  time.  By  this 
means  a  curved  or  angular  block  may  be  cut  on  the  accessible  sides 
and  removed  by  the  further  aid  of  explosives.  Rock-drills  working 
in  this  way  can  cut  a  given  amount  of  rock  more  rapidly  than  by  holing, 
for  in  the  latter  case  the  successive  blows  in  the  same  holes  make  a 
resisting  pad  of  ddbris  in  front  of  the  drill,  while  in  traversing,  the 
drill  always  strikes  on  the  edge  of  the  preceding  blow  and  breaks 
away  the  rock  more  easily. 

To  allow  a  proper  choice  of  apparatus  for  rock-drilling,  some  or  all 
of  the  following  information  is  required,  according  to  the  nature  of 
the  case. 

1.  The  general  Purpose ^n^  extent  of  the  operation,  whether  in  a 
quarry,  tunnel,  or  mine;  and  some  indication  of  the  extent  or  rate  of 
progress  required. 

2.  The  Kind  of  rock  or  stone  to  be  drilled,  its  fonnation,  and 
whether  it  is  immediately  accessible  or  covered  with  an  upper  stratum 
of  other  materials.  If  so  covered,  it  is  usual  to  dig  a  hole  or  sink  a 
shaft  so  that  the  machine  may  be  placed  immediately  on  the  rock. 
A  drawing  showing  the  mine-shafts,  the  section  of  the  rock  and  the 
direction  of  the  holes  is  useful. 

3.  If  for  quarry  work,  the  Diameter  and  depth  of  holes  required. 

4.  '^)[s&\}ci^x  Steam  or  compressed  air  \%\.o\yt\x%^^\  whether  boilers, 
engines,  or  compressors  are  required ;  or,  if  power  is  already  provided, 
its  kind  and  extent. 

In  conclusion,  it  may  be  said  that  no  kind  of  rock-drill  and  carriage 
that  has  yet  been  invented  is  suitable  for  all  circumstances,  and  that, 
to  obtain  the  maximum  effect,  the  whole  apparatus  must  be  adapted 
to  the  particular  purpose  in  view.  The  importance  of  affording  a  full 
knowledge  of  the  circumstances  of  the  case  to  those  concerned  in  the 
choice  or  manufacture  of  the  dhU  is  therefore  evident. 


Diamond 
rock-drill. 


See  page  Zxd, 
Rock-drill. 


The  Diamond  Rock-drill  is  used  for  sinking  artesian  or  other 
wells,  and  for  prospecting  after  minerals,  and  for  hardly  any  other 
purpose ;  though  occasionally  it  has  been  used  for  boring  holes  for 
explosives  instead  of  the  percussion  rock-drill.  For  example,  it  has 
been  used  for  the  latter  purpose  in  subaqueous  rock-boring  through 
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water  about  14  ft.  deep.  Steel  tools  can  pierce  rock  only  by  a 
succession  of  chisel  blows  ;  and  as  power  rock-drills,  which  strike 
rapidly,  are  limited  to  a  depth  of  about  thirty  feet,  drilling  through 
rock  for  greater  depths  is  tedious  and  expensive.  The  piercing 
of  rock  by  revolving  drills  is  obviously  a  desirable  plan,  but  steel, 
which  suffices  and  may  even  be  preferable  for  coal  or  other  friable 
strata,  is  quite  inadequate  for  the  purpose,  and  the  **  jumping "  of 
holes  by  chisel-drills  was  the  only  available  p^an  till  the  invention 
of  the  diamond-drill,  which  will  penetrate  the  hardest  rock.  Indeed, 
it  will  work  more  easily  in  a  hard  granite  or  hard  siliceous  sandstone 
than  in  some  softer  rocks.  A  hollow  tube  is  used  as  the  revolving 
spindle,  and  to  the  lower  end  of  the  tube  is  attached  a  ring  or  disc 
of  larger  diameter,  known  as  the  "  crown,'*  the  face  of  which  is 
studded,  almost  flush  with  the  metal,  with  carbons  or  black  diamonds 
which,  when  the  crown  revolves,  cut,  or  abrade  away  an  annular  space 
into  the  rock.  The  solid  core  of  rock  passes  into  the  tube  as  the 
drill  descends,  and  by  a  simple  arrangement  the  core  can  be  secured 
from  time  to  time,  and  brought  to  the  surface  in  lengths  of  from  i  to 
20  ft  While  the  drill  revolves,  a  stream  of  water  is  forced  down 
the  tube  at  considerable  pressure,  for  the  double  purpose  of  counter- 
acting the  friction  heat  of  the  cutting-faces,  and  of  bringing  up  in  the 
annular  space  outside  the  tube  the  powdered  rock  which  the  drill 
has  cut  away.  Taking  into  account  the  expense  of  repairing  steel 
percussion  drills,  the  diamond-drill  will  do  the  same  work  as  cheaply 
and  at  a  greater  rate  of  speed. 

The  diameter  of  the  drill-hole  depends  on  somewhat  the  same 
circumstances  as  in  other  kinds  of  boring,  that  is  to  say,  on  the 
diminutions  that  must  occur  from  time  to  time  during  the  descent 
If  there  be  hard  strata  throughout,  the  diameter  need  not  be  much 
reduced ;  for  instance,  a  hole  need  only  be  6  in.  diameter  at  the 
top  in  order  to  be  3  in.  diameter  500  feet  below,  this  allowing  for  a 
core  of  about  i\  in.  diameter.  Such  a  core  obviously  affords  a  better 
sample  of  the  various  strata  than  the  small  chips  and  dust  obtained 
by  a  percussion  drill.  It  is  usual  to  line  the  bore-hole  with  tubes 
when  passing  through  soft  stratum,  and  allowance  has  to  be  made 
for  these  in  determining  the  diameter  of  the  hole.  For  prospecting, 
the  smallest  diameter  that  will  work  to  the  desired  depth  is  all  that 
is  necessary,  as  a  core  of  2  in.  diameter  will  tell  the  stratification 
almost  as  well  as  a  larger  one.  But  for  well-sinking,  where  a  tube 
for  permanent  service  has  to  be  inserted,  diameters  from  12  in.  to 
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24  in.  become  necessary.  A  solid  core,  20  in.  diameter,  of  the 
hardest  stone  can  be  brought  up  from  a  depth  of  1000  ft.  and  drilling 
can  be  carried  on  at  a  reduced  diameter  for  more  than  3000  ft. 
The  rate  of  progress  will  range  from  2  ft.  per  hour  for  depths  down 
to  200  ft,  diminishing  to  i  ft.  per  hour  at  1000  ft 

A  complete  apparatus  suitable  for  mine-prospecting,  consisting  of 
small  steam  machine  and  boiler,  drilling-crown  and  diamonds,  with 
drilling-rods  sufficient  for  drilling  200  ft.,  costs  from  about  ;^5oo, 
including  100  ft.  of  lining  tubes  and  all  necessary  accessories.  For 
a  depth  of  500  ft  the  cost  would  be  about  ;^7oo.  A  small  appara- 
tus of  this  kind  can  Be  mounted  on  wheels  and  taken  quickly  to  the 
desired  place,  set  to  work,  and  as  quickly  removed.  The  drill  works 
most  easily  downwards,  but  can,  if  need  be,  work  at  any  angle.  A 
machine  of  this  kind  is  portable  and  convenient  for  prospecting,  but 
it  is  better  in  the  case  of  large  holes  or  deep  boring  to  have  a 
detached  boiler,  and  lifting  apparatus  above  the  bore-hole  for  raising 
the  rods.  A  derrick  or  sheers  may  be  used  for  this  purpose,  but  it 
is  often  advantageous  to  have  a  lofty  framework,  or  staging  of  timber 
or  angle-iron,  which  can  be  so  made  in  lengths  as  to  be  packed  in 
bundles  for  transport  A  complete  equipment  of  rock-drill,  engine, 
boiler,  tubes,  rods,  and  accessories  for  depths  down  to  1500  ft  would 
cost  from  ;;^i5oo  to  ;^2ooo. 

The  cost  of  rock  boring  depends  on  so  great  a  variety  of  cir- 
cumstances that  no  fixed  rates  can  be  stated,  but  where  coal  is 
obtainable  at  30J.  per  ton,  a  prospecting  machine  as  just  described 
can  be  worked  at  a  cost  of  from  J[,i  to  ;^4  per  day,  and  with  such  a 
rate  of  expenditure  the  total  cost  will  range  from  8j.  to  i2x.  per  foot 
for  depths  down  to  300  ft  In  greater  depths,  such  as  the  trial 
borings  for  proving  the  strata  in  the  British  coal  measures,  the  cost 
has  averaged  about  15^.  per  ft  When  large  holes  are  bored,  as  for 
wells,  tubular  rods  of  from  6  in.  to  18  in.  (generally  made  of  weldless 
drawn  steel)  are  used ;  the  cost  of  the  apparatus  rapidly  increases, 
and  for  depths  of  from  1000  to  2000  ft.,  the  cost  of  boring  ranges 
from  20J.  to  50J.  per  ft.  The  cost  of  lining-tubes  will  also  range  from 
5J.  to  40J.  per  foot,  the  cost  increasing  with  the  depth. 

Diamond-drills  as  just  described  will  pierce  the  hardest  known 
rocks,  but  sometimes  it  is  expe«iient  to  use  them  in  combination  with 
ordinary  boring-tools.  Thus  the  latter  may  be  used  through  soft 
upper  strata  or  chalk ;  and  if  loose  flints  or  nodules  of  ironstone  are 
encountered,  a  jumping-drill  will  break  them  easier  than  the  diamond 
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drill,  which  is  apt  to  loosen  and  turn  them  round  rather  than  cut  them. 

Various  contingencies  have  to  be  provided  for,  as  in  all  boring  opera-      Difficulties. 

tions,  and  none  but  men  accustomed  to  the  incidents  of  boring  can 

overcome  the  difficulties  that  may  arise.     Skill  and  experience  are 

needed  to  ensure  a  straight  vertical  bore,  as  the  drill  may  diverge 

considerably  without  any  evident  sign  of  it 

The  diamonds  found  most  suitable  for  small  prospecting  drills,  are 
from  I  to  3  carats  in  weight,  and  for  larger  drills  from  3  to  6  carats  weight  and  cost 
(according  to  the  size  of  crown  and  bore-hole).     The  black  diamonds     °^  d^monds. 
or  '*  carbons  "  found  in  Brazil  are  the  best  for  the  purpose,  and  as  the 
supply  is  limited,  prices  have  fluctuated  according  to  the  demand,  from 
^i  to  jTfi  per  carat  during  a  period  of  a  few  years.     When  the  price 
is  high.  Cape  diamonds  or  "  bort "  are  often  used  for  drilling  rocks  of 
moderate  hardness.    About  1 2  diamonds  are  required  in  a  crown  of 
small  diameter,  and  about  30  in  the  largest     Great  care  is  required 
to  set  them  firmly  and  in  proper  sequence,  but  if  this  be  done  they       setting  and 
last  a  long  time ;  and  if  occasionally  reset,  so  as  to  obtain  a  new       »*-"«tting. 
cutting  edge,  they  will  sometimes  drill  more  than  500  ft 

A  supply  of  water  is  essential  to  drilling  by  diamonds,  but  when    water  auppiy. 
water  is  scarce  it  can  be  stored  in  pits  and  re-used.     Although  the 
drilling  to  a  certain  depth  may  be  anticipated  with  certainty,  the 
diameter  of  the  hole  at  the  finish  can  seldom  be  predicted.     Bore- 
holes can  be  enlarged  by  rimering,  the  diamonds  being  specially    Holes  enlarged, 
arranged  for  the  purpose ;  but  this  costs  as  much  as  drilling  a  new  hole. 

The  use  of  machinery  for  Excavating  earth,  gravel,  sand,  and  other      Excavating 
material  usually  dug  out  by  the  spade,  though  often  proposed  by  in-      ""^^  *"*'^" 
ventors,  did  not  till  about  the  year  i860  in  America  and  1870  in 
England,  reach  beyond  experiment.     Machine  excavators  and  scoops 
had  before  then  for  many  years  been  used  for  the  sinking  of  wells, 
for  bridge  foundations  and  for   subaqueous   dredging,  these  being 
cases  where  manual  labour  in  digging  is  difficult  or  impossible.    The 
scarcity  or  high  price  of  labour  in  some  cases,  and  the  great  need  for       why  used, 
speedy  execution  of  extensive  works  in  others,  drew  the  attention  of 
contractors  to  new  inventions  which  seemed  likely  to  supersede  or 
assist  hand-labour ;  and  even  where  none  of  these  reasons  would  have 
sufficed,  the  saving  in  cost  which  the  new  machines  were  found  under 
certain  conditions  to  allow,  ensured  their  adoption  in  the  ordinary 
competition  of  trade. 

There  are  several  kinds  of  machine  excavators,  but  they  may  be  ^*^?iaasified.*'***** 
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broadly  classed  as  of  three  kinds,  i.e.  those  with  a  series  of  con- 
tinuously moving  buckets  or  scoops,  as  in  a  dredger ;  tho«e  in  which 
one  scoop  or  cutter  is  attached  to  an  arm  which  forces  it  into  the 
ground  and  digs  out  the  soil ;  and  those  with  hollow  cutters  or 
scoops  which,  being  let  down  vertically,  grasp  the  soil  and  bring  it 
back  as  in  a  bucket  To  these  must  be  added  apparatus  for  exca- 
vating by  air  or  water  pressure,  and  also  boring-tools,  the  latter  being 
principally  used  for  well-sinking  and  prospecting  for  minerals,  and 
are  only  employed  for  excavation  as  preliminary  or  accessory  to 
larger  operations. 

The  experience  gained  with  dredgers  for  subaqueous  excavation 
where  hand-digging  is  impossible,  naturally  led  to  the  consideration 
of  this  form  of  machine  when  mechanical  digging  on  dry  land  was 
required.  So  cheaply  has  subaqueous  dredging  been  performed,  and 
so  skilful  are  the  operators,  that  it  has  often  been  found  profitable 
when  a  dredger-boat  has  been  stranded  at  low  water  on  a  shoal  or 
bank  to  continue  working  even  although  manual  digging  or  other 
ordinary  methods  would  have  been  possible.  It  appeared,  therefore, 
LAnd-dredgers.   a  ready  method  to  construct  a  complete  dredging  apparatus  on  a 

bridge  or  stage  travelling  upon  wheels  instead  of  on  a  floating  vessel. 
The  machines  of  this  sort  that  have  been  made,  resemble  somewhat  a 
travelling  crane  or  gantry,  moving  forward  upon  a  railway  of  from 
30  ft.  to  40  ft  gauge,  and  upon  the  bridge  or  transverse  platform  is 
a  steam-engine  and  upper  framework  for  carrying  the  "  ladder  "  with 
moving  buckets  like  those  of  a  floating  dredger.  The  ascending 
buckets  are  emptied  at  the  top  into  a  horizontal  carrier,  which  dis- 
charges into  wagons  at  the  side.  In  a  case  of  this  sort  the  rail-track 
for  the  apparatus  is  on  the  ground-level,  and  the  stage,  spanning  the 
excavated  space  below,  works  forward,  the  dredger  buckets  cutting 
Mode  of  working,  into  the  solid  wall  in  front  as  the  machine  advances.     By  this  means 

a  continuous  cutting  or  gullet  is  excavated,  which  can  afterwards  be 
trimmed  and  widened  by  side-filling  into  wagons  on  a  line  of  rails  at 
the  bottom  of  the  cutting.  An  apparatus  of  this  kind  can  be  arranged 
in  various  ways  to  suit  particular  cases,  according  to  the  depth  of 
cutting,  the  levels  and  other  circumstances.  In  these  respects  there 
might  be  as  many  varieties  as  in  a  floating-dredger,  but  the  facilities 
which  the  water  affords  for  supporting  the  machine  at  the  desired  spot, 
for  moving  from  place  to  place,  and  for  conveying  the  spoil,  are 
wanting  in  the  land-dredger  travelling  upon  rails. 

Travelling  land-dredgers  can  be  made  of  a  size  small  enough  to 
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move  upon  a  railway  of  standard  gauge,  although  when  actually  at 
work  a  third  or  outer  rail  is  necessary  for  stability;  the  width  of 
base  so  obtained  determining  the  angle  at  which  the  buckets  can 
work.  In  the  cases  where  this  plan  has  been  applied,  the  arm  or 
ladder  is  about  30  ft.  long,  sufficient  for  a  cutting  at  an  angle  of  45° 
as  deep  as  15  ft.  below  the  rail  level.  The  buckets  each  hold  about 
6  cubic  feet,  and  dig  at  a  rate  of  about  20  buckets  per  minute,  steam  excavator 
Machines  of  this  kind  are  best  suited  for  excavating  sand  or  loose  soil, 
or  for  loading  up  ballast  into  trucks.  Much  of  the  expense  of  work- 
ing is  in  the  continual  moving  back  of  the  rails  as  the  machine  cuts 
away  the  edge  of  the  bank. 

It  is  impossible  to  state  the  cost  of  excavating  by  travelling 
dredgers  of  the  kinds  just  described,  as  so  much  depends  on  the 
subsidiary  operations  that  have  to  be  performed.  When  in  full  work, 
the  saving  over  hand-labour  may  be  undoubted,  but  the  first  cost  of 
the  machine,  the  expenses  of  fuel  and  attendance,  the  laying,  main- 
taining, and  relaying  of  the  rail  tracks,  as  well  as  the  liability  to  delay 
from  repairs,  all  add  considerably  to  the  outlay  ;  and  unless  there  be 
a  very  large  amount  of  similar  work  to  be  done  such  as  occurs  some- 
times in  excavating  docks,  canals,  and  long  railway  cuttings,  these 
incidental  expenses  are  generally  prohibitory.  The  occasions  when 
the  land-dredger  can  he  employed  with  advantage  are  therefore  very 
rare,  but  so  various  are  the  circumstances  which  occur  in  public  works 
that  experience  gained  with  such  apparatus  may  be  utilised  for  modi- 
fied methods  when  favourable  conditions  present  themselves. 

The  Steam-digger  or  Steam-navvy  has  most  of  the  functions  of  a 
crane  to  perform.  The  machine  is  fixed  upon  a  travelling  carriage, 
and  besides  the  steam-engine,  crane-post,  and  jib,  there  is  a  projecting 
arm  with  an  iron  scoop  upon  it  which,  by  an  ingenious  combination 
of  pulling,  pushing,  and  lifting,  cuts  into  the  ground  in  front  of  it  and 
scoops  it  away.  To  work  effectively,  the  machine  should  be  at  the 
lower  level  of  the  excavation  and  cut  upwards  into  the  solid  wall  of  steam -nawy. 
earth  in  front  of  it.  Starting  from  level  ground  against  a  slope  or  hill 
in  front,  the  machine  cuts  its  way,  forming  a  channel  or  "gullet"  as  it 
proceeds.  The  width  of  the  gullet  is  determined  by  the  radius  or 
sweep  of  the  jib  and  the  digging-arm,  but  it  cannot  cut  at  a  steeper 
angle  than  60°.  A  width  of  about  40  ft.  has  been  found  most  useful,  width  of  cutting, 
as  it  allows  of  a  line  of  rails  on  each  side  of  the  machine,  and,  in  the 
case  of  a  railway-cutting,  leaves  only  the  trimming  of  the  sides  to  be 
done  by  hand-labour. 
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These  machines  may  be  worked  with  either  two  or  three  lines  of 
rail,  according  to  the  arrangements  for  supplying  and  removing  the 
trucks,  the  rate  of  working  and  other  circumstances.  But  where, 
owing  to  the  nature  of  the  ground,  the  machine  can  woik  quickly,  it 
is  sometimes  found  expedient  to  lay  three  lines  of  rails.  On  the  centre 
line  (which  must  be  of  strongly  laid  rails  to  bear  the  weight),  is  the 
machine  a,  and,  if  need  be,  a  line  of  empty  trucks  behind.  The  outer 
lines  are  about  3  ft.  higher  than  the  middle  line,  and  serve  for  the 
trucks  B,  which  are  being  filled,  and  for  those  c  already  filled  waiting 
Mode  of  working,  to  be  removed.     Two  men   are  generally  employed  to   direct   the 

machine ;  one  man  stands  upon  it,  and,  as  in  the  case  of  a  steam- 
crane,  is  able,  by  the  various  handles  within  his  reach,  to  lift  or  lower 
the  digging-arm  or  slew  round  the  jib.  The  second  man  manages 
the  scoop,  which  is  made  with  a  hinged  lid  or  trap-door  at  the  bottom, 
from  which  the  spoil  is  discharged  into  the  wagons.  Besides  these 
two  principal  men  there  is  a  fireman ;  and  in  addition  there  are  men 
to  trim  the  sides  of  the  gullet,  to  manage  the  wagons  and  the  lines  of 
rail.  But  as  these  additional  duties  have  also  to  be  performed  where 
the  digging  is  by  hand,  they  may  be  excluded  in  comparing  the  cost 
of  actual  excavation  with  that  performed  by  hand-labour.  The  scoop 
has  a  sharp  steel  lip,  and  will  cut  into  siiff  clay,  hard  gravel,  or  chalk 
even  when  mixed  with  boulders.  The  scoop  is  first  lowered  into  the 
position  shown  in  Fig.  282,  and  cuts  its  way  upward,  and  when  it  is 
clear  of  the  surface  and  full  of  spoil  the  jib  swings  round  like  a  crane, 
and  the  scoop,  being  brought  over  a  wagon,  is  emptied  by  the  open- 
ing downwards  of  the  hinged  bottom.  The  scoops  vary  in  size,  and 
hold,  according  to  the  nature  of  the  ground,  from  one  to  two  cubic 
yards  ;  and  according  to  the  stiffness  of  the  ground,  the  sufliciency  of 
wagons  and  other  accessories,  the  machine  will  excavate  from  400  to 
700  cubic  yards  per  day,  or  about  the  work  of  40  able  men.  The 
actual  rate  of  work  depends  not  only  on  the  nature  of  the  ground  but 
oh  the  efficiency  of  the  arrangements  for  removing  the  spoil  after  it 
has  been  delivered  by  the  machine. 

When  the  cutting  or  gullet  has  been  made  by  the  machine,  the 
width  of  the  cutting  may  be  increased  by  side-filling  into  the  wagons 
below.  This  course  is  convenient  where  the  width  of  excavation 
required  is  greater  than  the  machine  can  accomplish,  and  in  excava- 
tions over  a  wide  area,  as  in  excavating  a  dock,  a  series  of  parallel 
gullets  can  be  made,  leaving  only  banks  or  ridges  between  to 
be  cut  away  by  hand  and  removed  by  side-filling.      The  machine 
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can  also  work  along  a  face,  but  has  not  then  such  scope  as  in  a 
gullet 

A  ste  im-digger  as  here  described  is  made  of  steel  and  iron,  except 
the  digging-arm,  which  may  be  made  of  wood  or  iron.  Although 
strength  and  rigidity  in  the  digging-arm  and  in  the  gear  which  propels 
it  are  es<?ential,  some  play  or  elasticity  is  necessary  to  prevent  fracture 
when  boulders  or  other  obstructions  are  encountered.  The  engine  is 
generally  of  about  10  horse-power;  the  weight  of  the  machine 
(exclusive  of  fuel  and  water)  ranges  from  30  to  35  tons,  and  the  cost 
from  ;£'i2oo  to  ^^1400. 

The  expediency  of  adopting  excavating  machines  of  the  kind 
just  described  depends  principally  on  the  alternative  cost  of  manual 
labour  in  the  locality,  and  the  extent  and  nature  of  the  work  to  be 
performed.  When  fully  emf)loyetl  it  has  been  proved  by  experimert 
that  the  steam-nawy  will  excavate  at  a  saving  of  2//.  to  3//.  per  cubic 
yard  as  compared  with  manual  labour.  In  the  cost  of  the  machine- 
process,  interest  on  the  purchase  cost  of  the  apparatus  has  of  course 
to  be  reckoned,  as  well  as  the  expense  of  repairs,  deterioration,  fuel, 
and  the  wages  of  the  attendants  ;  but  accessories  which  are  common 
both  to  machine  and  hand  labour,  such  as  the  laying  of  the  rail 
tracks  and  sidings,  and  the  hauhge  of  the  full  and  empty  wagons, 
may,  as  already  stated,  be  excluded  in  comparing  one  with  the  other. 
The  nature  of  the  ground  is,  of  course,  a  point  of  importance,  for 
while  sand,  clay,  alluvial  soil,  gravel,  and  even  chalk  are  mastered  by 
the  machine;  hard  gravel,  large  or  numerous  boulders,  or  any 
stratum  that  depends  on  blasting,  forbid  the  use  of  machine ;  while, 
on  the  other  hand,  if  the  ground  be  very  soft,  the  maintenance  of  a 
track  which  will  bear  the  weight  of  the  machine  may  be  so  ex- 
pensive as  to  be  prohibitory.  The  desired  depth  of  the  cutting  has 
also  to  be  considered.  If  it  is  within  the  range  of  the  machine  at 
one  or  even  at  successive  operations,  it  is  much  more  profitably 
conducted  than  if  a  few  feet  in  depth  has  afterwards  to  be  dug  out 
by  hand.  Some  engineers  have  objected  to  the  steam-diggers  and 
other  machine  excavators  because  they  disturb  the  ground  more 
than  hand  digging,  and  because  also  the  large  masses  of  spoil 
Ihey  remove  may  not  be  so  well  suited  for  making  solid  embank- 
ments as  is  earth  dug  out  by  hand.  On  the  other  hand,  the  con- 
tractor looks  mainly  to  the  cost  of  the  work,  and  is  sometimes  also 
inclined  to  use  the  machines  even  when  little  or  no  saving  is  apparent, 
because  of  the  check  they  afford  on  the  demands  of  the  workmen. 
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Favourable  Machine  excavators  compare  most  favourably  where  the  work 

machfne-diVSng.  ^^  ^^  ^ont  is  of  considerable  extent,  where  skilled  workmen  for 

managing  and  repairing  the  machine  are  easily  obtained,  and  where 
energetic  contractors  with  sufficient  capital  have  the  control.  Such 
opportunities  occur,  both  on  railway  works  and  docks.  For  instance, 
the  various  kinds  of  machines  here  described  were  used  in  the 
making  of  the  Albert  Docks,  London,  and  later  for  the  Panama 
Canal  and  the  Manchester  Ship  Canal.  But  in  countries  where 
Inexpedient  there  is  abundance  of  cheap  labour,  as  in  India  or  China,  but  where 
^****cheap!"'^  "   skilled  workmen  are  expensive  and  repairs  or  renewals  are  difficult  of 

execution,  these  conditions  tell  greatly  against  the  machine.      In 

estimating  the  cost  of  manual  labour,  the  rates  of  wages  should  not 

Effects  of  climate,  ^-lonc  be  reckoned,  but  the  cost  as  measured  by  results.     Climate 

and  its  effect  on  workmen  have  also  to  be  considered.  Thus,  there 
are  countries  where,  though  labour  may  be  cheap  and  abundant,  the 
climate  is  so  enervating  that  the  workmen  take  frequent  holidays,  and 
works  are  much  delayed.  It  may  become  expedient,  therefore,  to 
Saving  in  time,   adopt  machine  processes  to  save  time,  even  at  a  greater  expenditure 

of  money. 

Subaqueous  ^^  ^^  excavation  of  wells,  mine-shafts,  or  pier<ylinders,  so  long 

excavation.  j^g  ^^y  ^^^  unobstructed  by  water,  workmen  can  descend  and  dig  out 
''  ^*Ag*  83a.^'"^*  the  spoil,  which  can  then  be  hoisted  in  the  ordinary  way  by  buckets ; 

Pumping.:  and  even  if  water  be  met  with,  it  may  often  be  kept  back  by  pump- 
ing, so  that  the  workmen  can  still  descend ;  this,  for  instance,  being 
generally  possible  in  a  clay  stratum.  But  if  the  excavation  has  to 
proceed  under  water,  mechanical  means  of  some  kind  have  to  be 
adopted,  and  a  great  variety  of  methods  have  been  tried  to  meet 
very  different  circumstances.  1  f  the  ground  be  loose  sand  or  mud, 
it  may  be  pumped  up,  or  a  sand-pump  may  be  worked  by  compressed 
air ;  and  in  the  case  of  light  clay  or  loam  it  may,  if  better  methods 
are  not  available,  be  so  stirred  or  loosened  from  above  as  also  to  be 
lifted  by  pumps.  But  as  excavation  or  cylinder-sinking  has  gene- 
rally to  be  continued   till  a  firm   foundation  is  reached,  pumping 

He*  Divers.  hardly  evcr  suffices  alone.  By  means  of  divers,  work  can  be  carried 
Piigez^x.        Q^  under  water,  and  if  the  excavation  be  in  cylinders  or  caissons 

seej^agez^^.  which  can  be  closed  in  at  the  top  and  made  air-tight,  pneumatic 
methods  are  available,  but  only  within  certain  limits  of  depth. 

Mechanical  Beyond  these  limits,  which  range  according  to  circumstances  from 

ndfiffniSbie.     loo  ft  to  130  ft.,  mcchanical  excavators  which  will  act  underwater 
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may  become   indispensable.      Sometimes   the    excavation  of   the 

soil  and  the  bringing  it  to  the  surface  are  performed  by  separate 

methods  or  apparatus.     The  method  referred  to  above  of  loosening 

the  soil  so  that  it  can  be  pumped  up,  has  been  elaborated  in 

the  sinking  of  pier-cylinders  by  the  use  of  revolving  ploughs  or  Revolving  cutten 

cutters  worked  from  above  to  dig  out  the  soil,  which,  when  loosened, 

flows  upwards  through  a  syphon,  a  suthcient  current  of  water  being 

maintained  in  the  syphon  by  pumping  water  into  the  cylinder,  so 

that  the  water  level  there  is  always  above  that  of  the  water  outside. 

This  method  is  costly,  because  of  the  engines,  pumps,  barges,  and 

other  apparatus  required,  but  it  may  be  used  in  mud  or  sandy  soil  for 

depths  as  greit  as  200  ft 

Self-acting  buckets  or  scoops,  for  vertical  action  only,  are  made 
in  a  variety  of  ways,  and  great  discrimination  is  needed  to  choose 
what  is  best  suited  to  particular  cases  as  they  arise.  Small  circular 
boring-buckets  or  *'  misers  "  are  useful  sometimes  in  well-sinking,  and 
can  be  employed  for  excavating  in  cylinders  also.  The  most  useful 
size  is  about  12  in. ;  they  are  made  even  up  to  4  ft.,  but  the  latter 
are  cumbrous  in  action  and  are  not  suitable  for  excavating  consider- 
able quantities.  Buckets  or  scoops  suspended  from  a  chain  are,  if 
effectual,  the  most  convenient  kind,  but  as  neither  a  thrusting  nor  a 
screwing  motion  can  be  transmitted  through  a  chain,  it  is  necessary 
that  the  scoop  or  bucket  shall  have  a  self-contained  acdon.  The 
scoops  that  have  proved  effectual,  though  of  various  kinds,  are  gene- 
rally made  of  a  segmental  form,  hinged,  so  that  when  descending 
they  are  open  and  ready  to  grasp  the  spoil,  and  when  the  hoisting 
commences  can  close  and  hold  fast  what  has  been  grasped.  In  soft 
sand  or  mud  the  mere  weight  of  the  apparatus  causes  it  to  sink  so 
far  as  to  fill,  and  many  of  the  scoops  which  have  been  used  might 
be  better  described  as  self-filling  machines  than  as  excavators,  and  seif-acting  scoop 
in  this  respect  they  may  be  used  with  advantage  for  hoisting  grain 
out  of  barges  ;  and,  if  open  forks  or  grids  be  substituted  for  the  com- 
plete bucket,  will  serve  for  hoisting  coals. 

To  obtain  a  cutting  action,  it  is  endeavoured  in  the  pivoting  or  Mode  of  woridng 
hinging  of  the  scoops  to  give  such  a  direction  to  the  cutting  edge 
that  whea  the  hoisting-chain,  by  becoming  taut,  begins  to  pull  the 
segments  of  the  machine  together,  they  cannot  close  without  cutting 
downwards  and  grasping  the  spoil.  But  generally  the  tension  of  the 
hoisting  chain  has  not  been  sufficient  for  this,  and  a  second  chain 
attached  to  the  hinged  parts  has  had  to  be  pulled.     By  these  means 
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very  effective  work  has  been  done  in  the  excavation  of  pier-cylinders 
inaccessible  to  other  kinds  of  apparatus,  and  the  improvements  sug- 
gested by  experience  in  working  have  rendered  them  available  even 
for  dense  clay,  gravel,  boulders,  and  other  hard  strata.  In  some  of 
the  scoops  the  closing  by  a  separate  chain  has  been  much  simpli- 
fied and  improved  ;  while  in  others  the  separate  chain  is  unneces- 
sary, unless  a  very  tenacious  clay  or  hard  gravel  is  met  with,  the 
buckets  being  made  to  close  and  grasp  the  spoil  by  means  of  self- 
acting  cranks  and  levers.  The  largest  of  these  scoops  or  grabs,  as 
above  described,  will  hold  more  than  two  cubic  yards  of  spoil. 


DredecrB.  Dredgers  {dragues).     There  is  probably  no  engineering  operation 

to  which  more  numerous  machines  and  methods  have  been  applied 
than  those  for  Dredging,  Under  this  one  term  may  be  included  the 
removal  of  any  kind  of  material  for  the  purpose  of  deepening  a 
channel  or  harbour  or  dock,  as  well  also  as  the  operations  necessary 
when  the  obtaining  the  **  spoil "  or  material  itself  is  the  object  in 
view.  The  circumstances  are  so  varied  that,  unless  full  consideration 
is  given  to  each  case  as  it  arises,  the  imitation  of  what  has  already 
proved  successful  elsewhere  is  likely  to  result  in  unnecessary  cost  or 
even  failure.  The  simplest  cases  are  those  of  removing  material 
where  it  is  only  necessary  to  break  up  or  loosen  it  so  that  the  tide 
or  current  will  carry  it  away.  Generally,  however,  the  lifting  and 
transportation  of  the  material  have  also  to  be  undertaken,  and  con- 
sidered as  part  of  a  general  scheme. 

The  "  bag-and  spoon  "  dredger,  worked  by  manual  labour  from  a 
small  barge,  is  the  rudimentary  machine  for  scooping  up  mud  or 
gravel,  and  it  is  still  frequently  employed  for  obtaining  these  materials 
for  use  as  sand  or  ballast  for  concrete.  The  apparatus  consists  of  a 
sheet- iron  bucket  or  of  a  leathern  bag,  attached  to  a  steel  frame  ;  it 
is  guided  by  a  long  handle,  and  lifted  by  a  smjll  crane  fixed  on  the 
boat.  The  characteristic  feature  which  is  associated  with  the  name 
of  dredger  is,  however,  the  ladder  or  rigid  frame  which  is  suspended 
from  a  floating  vessel,  and  upon  which  works  the  endless  chain  of 
Mode  01  working,  buckets  which  scoop  out  the  ground  as  they  pass  round  the  bottom 

of  the  ladder,  and  deliver  it  as  they  pass  round  the  top.  The  ladder 
is  so  hinged  at  its  upper  end  that  it  may  be  raised  or  lowered  to 
any  angle,  so  as  10  bring  the  lowest  bucket  in  contact  wiih  the 
ground  at  any  depth  within  the  range  of  the  apparatus. 

The  following  points,  which  must  be  taken  in  connection  with 
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those  enumerated  on  page  840,  are  those  which  generally  determine 
the  design  of  a  ladder  dredger. 

1.  The  Kind  of  material,  the  Depth  of  excavation  and  the  Quan- 
tity to  be  removed,  are  the  main  factors  which  form  the  basis  of  a 
design.  A  deep  ladder  needs  a  strong  framing  and  boat  to  support 
it,  and  powerful  machinery  to.  work  it,  and  the  weight  and  cost  of  the 
apparatus  increase  accordingly.  In  dredging  a  channel  in  tidal 
waters,  if  continuous  working  is  desired,  the  ladder  must  be  long 
enough  for  the  range  of  tide.  Thus,  if  a  channel  20  ft.  deep  at  low 
water  is  required,  and  there  is  a  10  ft.  range  of  tide,  the  ladder  to  be 
always  effective  must  be  long  enough  to  dredge  at  30  ft.  But  such 
a  deep  ladder  may  be  avoided  by  working  only  within  certain  tidal 
limits.  For  mud  or  silt  or  loose  sand  the  operation  is  little  else  but 
lifting  (the  friction  of  the  machine,  which  is  considerable,  hav.ng  also 
to  be  overcome) ;  while  for  hard  sand,  clay,  or  gravel,  the  buc  ;cts  as 
well  as  the  machinery  must  be  strong  enough  and  have  force  enough 
to  cut  into  the  ground.  For  chalk,  coral,  or  rock  some  or  all  cf  the 
buckets  are  made  with  teeth  or  claws  that  will  force  or  cut  their  way 
and  sufficiently  break  up  the  material  to  allow  of  its  removal. 

2.  The  Nature  of  the  operation  and  the  direction  in  which  the 
work  is  to  be  carried  on.  Where  a  considerable  area  has  to  be 
excavated,  or  where  there  is  a  wide  range  of  water  in  which  the 
dredger  may  float,  it  may  be  immaterial  from  what  part  of  the  boat 
the  buckets  work,  as  the  boat  can  move  from  place  to  place  as  the 
excavation  proceeds,  but  if  a  channel  has  to  be  dredged  between 
shoals  or  close  up  to  a  shore  or  quay-wall,  the  dredger  ladder  must 
be  designed  accordingly.  Thus"  it  can  be  placed  in  the  centre  of  the 
boat,  or  two  ladders,  one  on  each  side,  may  be  used,  or,  the  ladder 
may  be  made  to  project  from  either  end.  Such  a  dredger-boat  may 
be  so  arranged  that  it  can,  while  always  afloat,  cut  away  a  shallow  by 
the  shore  or  even  the  shore  itself  above  or  below  water.  But  in 
deciding  on  the  position  of  the  dredging-ladder  the  mode  and  direc- 
tion of  delivery  must  be  considered. 

3.  The  Delivery  of  the  excavated  spoil  is  usually  into  barges  at 
the  side  of  the  dredgers,  the  full  buckets  as  they  turn  over  at  the 
top  of  the  ladder  emptying  into  an  inclined  shoot,  which  discharges 
into  the  barge.  If  the  ladder  works  in  the  centre  of  the  boat,  there 
may  be  shoots  to  each  side,  and  by  a  simple  arrangement,  the  spoil 
may  be  directed  to  the  right  or  left  hand  to  fill  a  barge  on  either 
side.     Where  the  excavated  material  is  of  no  value,  and  is  merely 
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dredged  to  deepen  the  channel,  it  is  usual  to  discharge  it  into  deep 
water  in  some  place  where  it  will  not  be  inconvenient,  or  to  utilise  it 
for  raising  or  reclaiming  land  by  depositing  it  on  shoals.  For  dis- 
charging the  spoil  into  deep  water,  what  are  known  as  hopper-barges 
are  generally  used  for  conveying  the  spoil,  a  false  bottom  or  hopper 
allowing  it  to  be  discharged  readily  at  the  desired  place. 

A  powerful  dredging-machine  will  keep  employed  numerous 
barges,  and  if  the  distance  for  transporting  the  spoil  be  considerable, 
the  barges  may  with  advantage  be  propelled  by  steam,  so  as  to  bring 
them  back  to  the  dredger  as  soon  as  possible.  Sometimes,  however, 
the  spoil  is  carried  away  in  the  dredger-boat  itself,  this  plan  being 
adopted  for  instance  in  t'dal  waters  where  the  dredger  can  only  work 
for  a  few  hours  each  day,  and  when,  therefore  its  steam-engine  can 
be  utilised  for  propelling  the  boat  Such  a  hopper-dredger  is 
arranged  for  discharging  througli  a  hopper  or  fulse  bottom  in  the 
usual  way,  and  can  fill  not  only  its  own  hold,  but  a  barge  also, 
which  it  can  tow.  This  plan  saves  considerable  expense  in  barges, 
tug-steamers  and  labour,  but  against  it  has  to  be  set  the  time  which 
the  dredger-boat  is  withdrawn  from  its  primary  duty.  Such  an 
arrangement  does  not  add  to  the  cost  of  the  dredger  so  much  as 
would  be  necessar}'  for  purchasing  steam-barges,  but  the  saving  in 
wages  or  other  expenditure  must  be  carefully  investigated  before  the 
outlay  is  justified.  There  is  the  disadvantage  in  using  a  dredger- 
boat  in  this  way,  that  when  it  is  brought  back  to  work,  time  is 
expended  in  adjusting  and  mooring  it  to  the  face  which  it  was 
operating  against.  A  decision  can  only  be  arrived  at  in  each  case 
by  duly  estimating  the  distance,  the  times  of  working,  the  wages  of 
the  workmen,  and  other  circumstances. 

In  cases  where  the  dredged  material  is  of  value,  as  in  the  case  of 
river-sand  for  mixing  mortar,  or  clay  for  bricks  or  Portland  cement, 
it  may  have  to  be  carried  ashore  ;  and  in  such  cases  it  may  be  either 
removed  by  the  spade  and  wheelbarrow,  or  by  cranes  and  self  filling 
scoops,  or  by  a  land  or  floating  dredger  with  buckets  which  discharge 
into  wagons  on  the  shore.  The  cost  of  conveying  and  depositing 
the  spoil  is  generally  as  much  as  or  more  than  that  of  dredging,  and 
numerous  plans  have  been  tried  to  reduce  the  expense.  Where  silt 
or  mud  which  can  be  kept  in  a  semi-liquid  condition  has  to  be  dealt 
with,  it  may  be  discharged  by  pneumatic  pressure,  specially  contrived 
barges  with  air-tight  chambers  and  steam-engines  being  employed. 
As  by  this  means  the  spoil  can  be  forced  500  ft.  or  more  through 
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a  tube,  the  expenditure  in  fuel  and  wages  for  the  steam-engine  is  in 
most  cases  less  than  that  in  wages  for  other  methods.  The  plan  of 
forcing  through  tubes  may  be  adopted  with  advantage  in  reclaiming 
land  in  water  too  shallow  for  the  barges  to  approach.  In  narrow 
rivers  or  canals  the  excavated  spoil  is  often  discharged  on  to  the 
shore  as  it  is  brought  up  in  the  buckets,  by  long  shoots  or  pipes 
from  the  dredger-boat,  this  plan  being,  for  instance,  often  adopted  in 
the  dredging  of  irrigating-canals,  and  it  was  adopted  in  the  construc- 
tion of  the  Suez  Canal,  the  channel  being  excavated  and  the  banks 
formed  by  the  one  operation.  Tubes  as  long  as  100  ft.  can  be 
suspended  from  derricks  or  mas^s  erected  for  the  purpose;  and 
where,  owing  to  the  level  of  the  shore,  an  incline  sufficient  for 
gravitation  cannot  be  obtained,  the  flow  of  the  spoil  can  be 
assisted  by  pumps.  Sometimes,  instead  of  an  overhead  shoot,  a 
syphon-pipe  conveys  the  spoil  under  water  on  to  the  shore ;  in 
this  case,  as  with  the  overhead  shoot,  the  movement  of  the  spoil 
being  assisted  by  a  copious  flow  of  water  supplied  from  a  centrifugal 
pump. 

Dredger-boats  as  above  described  are  costly,  and  the  service  is  so 
severe  that  expensive  repairs  and  annoying  delays  can  be  avoided 
only  by  having  every  part  of  the  best  and  strongest  kind.  The  ladder 
is  formed  of  wrought-iron  or  steel,  and  the  links  which  hold  the 
buckets  are  either  forged  from  high-quality  iron,  or  of  iron  bushed 
with  steel,  or  are  made  as  steel  castings.  The  shape,  size,  and 
material  of  the  buckets  depend  on  the  nature  of  the  material  to  be 
excavated,  but  even  for  sand  or  mud  it  is  usual  to  make  the  cutting 
lips  of  steel.  To  utilise  a  dredger-boat  to  the  utmost,  the  steam- 
engine  must  be  powerful  and  the  connecting  gear  very  strong. 

Dredger-boats  are  made  at  all  prices  between  ;£^3ooo  and  ;;^2 5,000. 
A  boat  90  ft.  long  and  15  ft.  wide,  drawing  ij  ft.  of  water,  with 
lo-horse-power  engine  and  machinery  for  dredging  50  tons  per  hour 
from  the  bottom  of  a  canal  6  ft  deep,  would  cost  about  ^^3000. 
A  boat  80  ft.  long  and  20  ft.  wide,  drawing  4  fL  of  water,  with 
25-horse-power  engines  for  dredging  70  cubic  yards  per  hour  from 
the  bottom  of  a  harbour  or  river  channel  25  ft.  deep,  would  cost 
about  ;^4ooo.  A  boat  120  ft.  long,  and  24  ft,  wide,  drawing  6  ft.  of 
water,  with  engines  of  40  horse-power,  and  capable  of  dredging 
from  a  depth  of  25  ft.  from  150  to  200  cubic  yards  of  mud  or  sand 
per  hour,  would  cost  about  ;;^90oo.  A  dredger-boat  120  ft  long 
by  33  ft.  wide,  drawing  5  ft.  of  water,  with  engines  of  50  horse- 
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power,  capable  of  dredging  300  cubic  yards  per  hour  from  a  depth 
of  40  ft.,  would  cost  from  ;;^  14,000  to  ;^  16,000.  A  dredger  boat 
160  ft.  long,  30  ft  wide,  10  ft.  deep,  with  70-horse-power  engine, 
capable  of  dredging  400  to  500  yards  per  hour  from  any  depth 
between  7  ft.  and  32  ft.,  with  propelling  engines  for  a  speed  of 
5  miles  per  hour,  would  cost  about  ^^24,000.  A  hopper-dredger, 
capable  of  dredging  300  cubic  yards  per  hour,  and  with  carrying 
Cost  of  barges.  Capacity  for  1000  tons,  would  cost  about  ^25,000.  Hopper- 
barges,  equipped  with  propelling  engines  and  other  accessories,  and 
capable  of  carrying  300  to  500  tons  of  spoil,  cost  from  ;£^5oo  to 
;^9ooo.  The  exact  cost  of  a  dredger  boat  or  barge  depends  not 
only  on  the  current  value  of  iron  and  other  materials  at  a  particular 

Accessories  and    time,  but  on  the  kind  and  number  of  accessories  and  duplicate  parts 
duplicate  parts,     required. 

84X.  Dredger-boats  are  so  costly,  and  the  expense  and  risk  of  navi- 

gating them  across  the  sea  are  so  great,  that  in  foreign  countries  it  is 
sometimes  sought  to  economise  by  importing  only  the  machinery, 
Oriinary  vessels    and  to  Utilise  an  Ordinary  vessel  for  holding  it.     But  this  plan  cannot 
"    '*  '^A»        ^^  adopted  with  advantage,  as  the  size,  arrangement,  and  construc- 
tion of  the  boat  ought  to  be  specially  suited  to  the  purpose  in  view. 
It  is  possible  sometimes  to  build  a  suitable  vessel  in  a  place  where 
the  machinery  itself  cannot  be  made,  but  as  iron  or  steel  boats  are 
generally  preferred,  it  is  seldom   that  they  can  be  built  except  in 
places  where  the  machinery  also  can  be  made.     Sometimes,  how- 
Dredgers  sent  in    ^^^h  the  drcdgcr-boats  are  imported  in  pieces,  and  put  together  in  the 
pieces.  place  where  they  are  to  be  used,  and  in  other  cases  the  woodwork 

and  internal  fittings  are  made  in  the  importing  country.     The  cost 
of  navigating  a  dredger-boat  across  the  ocean  is  sometimes  very  great 
(from  ;^iooo  to  ^3000  has  often  to  be  paid,  including  insurance). 
Cost  ^^  compared  with  the  cost  of  freight  when  carried  in  pieces  as  cargo  ; 

of  navigation.      \y^i  against  any  saving  so  effected,  has  to  be  set  the  cost  and  risk 
fefa£es4^    44.  ^^  putting  the  machinery  together  in  a  foreign  country.     Hopper- 
dredgers  allow  a  saving  in  this  respect,  as  they  are  large  and  strong 
and  cost  less  for  navigation  than  a  dredger-boat  and  separate  barges. 
Although  the  work  of  dredging  has  been  greatly  improved,  and 
Friction  of  dredger  the  cost  reduced,  there  is  always  the  disadvantage  in  the  machines 

just  described,  that,  owing  to  the  friction  of  the  bucket-links  passing 

round  the  ladder,  and  the  weight  of  the  machinery  to  be  moved,  the 

In  proportion  to    effective  work  done  as  measured  by  the  weight  of  spoil  lifted  to  a 

certain  height  is  onlv  about  one-third  of  the  power  employed.     But 
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so  cheap  is  the  force  which  a  modem  high-pressure  steam-engine  can 
give  out,  that  even  with  these  disadvantages,  sand,  mud,  or  clay  can 
be  excavated  and  lifted  very  cheaply. 

Various  plans  have,  however,  been  tried  of  subaqueous  dredging 
by  other  and  simpler  means. 

A  steam-crane,  fixed  in  a  floating  barge,  may  be  used  for  lifting 
self-acting  scoops,  and  an  apparatus  of  this  sort  (usually  known  in 
America  as  a  dipper  dredger),  though  perhaps  not  so  suited  as  an 
otdinary  ladder-dredger  for  long  and  continuous  service,  will  do 
effective  work  with  a  much  less  capital  outlay.  The  buckets  may  be 
made  to  hold  any  quantity  between  10  and  40  cwt.,  and  will  dredge 
from  a  depth  of  20  ft.  from  200  to  700  tons  of  mud,  or  from  100  to 
400  tons  of  clay  per  day,  according  to  the  size  of  scoop.  A  complete 
equipment  of  steam-crane  with  a  radius  of  18  ft.,  with  scoops,  chains, 
and  other  necessary  accessories  except  the  barges,  costs  from  ;;^5oo 
to  ;^iooo,  according  to  size.  By  this  plan,  excavation  may  be 
carried  on  in  comers  and  narrow  places  inaccessible  to  an  ordinary 
dredger.  Sometimes  the  crane  is  fixed  upon  a  wharf  or  jetty  and 
discharges  either  into  trucks  on  shore  or  into  barges. 

This  application  of  self-acting  scoops  to  dredging  has  been 
attempted  on  a  larger  scale  than  that  just  described,  and  in  vessels 
specially  built  for  the  purpose.  The  bucket  is  suspended  from  a 
rocking-beam  so  well  balanced  as  to  require  in  order  to  work  it  only 
a  small  proportion  of  the  power  necessary  for  the  ladder  buckets  and 
other  machinery  of  an  ordinary  dredger,  and  the  suspended  rod 
holding  the  bucket  may  be  worked  as  a  ram  from  a  hydraulic  cylinder 
so  that  the  effective  range  of  stroke  may  be  extended.  The  rockmg- 
beam  is  worked  either  by  a  steam-engine  or  by  hydraulic  power,  and 
is  so  arranged  that  it  can  dredge  at  any  level  from  6  ft.  above  the 
water  surface  tj  30  ft  below,  as  may  be  required.  For  mud  or  sand 
no  power  need  be  applied  to  the  scoops  except  that  of  lifting,  but  for 
hard  clay  or  ballast  a  hydraulic  ram,  as  a.bove  referred  to,  attached  to 
the  end  of  the  beam  gives  the  necessary  thrusting  motion. 

All  the  dredgers  which  have  been  here  described  have  some 
moving  machinery  by  which  the  material  is  grasped  and  lifted  m 
buckets,  but  for  soft  mud  or  sand  it  is  often  sought  to  bring  up  the 
spoil  in  pipes  without  any  such  moving  mechanism.  This  plan  can 
be  carried  out  either  by  water  or  air  pressure.  In  the  former  case  it 
is  endeavoured  so  to  stir  up  or  loosen  the  sand  or  mud  that  a  chain- 
pump,  centrifugal-pump,  or  other  pump  not  liable  to  be  choked,  will 


Seepage  838. 


990. 


Scoops  vi^orked  by 
•team-crane. 


091. 


Self-acting 
acoops. 

See  page  831. 


Worked  by 
rocking-beam. 


Excavation  by 

water  or  air 

pressure. 


838  M^tliesons  Aid  Book.     [Chap.  XXVIII. 

raise  the  spoil  in  a  semi-liquid  state.     A  jet  of  high-pressure  air  or 

water  directed  to  the  desired  place  is  the  means  generally  employed. 

Pneumatic  There  are  various  methods  of  applying  air  pressure.     Thus,  the 

Se€^  ""^^  '  g      soil  may  be  forced  upwards  directly  by  the  compressed  air,  either  as 

presently  described  in  the  case  of  air  caissons,  or  by  means  of  a 

special  apparatus  of  vacuum  chambers  and  air-pumps,  which  maintain 

a  vacuum  in  pipes  pushed  into  the  sand  or  soil  to  be  excavated  ;  a 

By  air-pumps,     second  pipe  With  compressed  air  or  pressure-water  scouring  out  the 

See  pale  ^.       g^jj  ^^^  assistiug  iu  forcing  it  up  the  vacuum  pipe.     The  spoil  can 

be  propelled  500  ft.  or  more  in  the  pipes  if  required.  It  will  be  seen 
that  by  this  plan  the  spoil  is  really  lifted  up  by  pumping,  the  com- 
bination of  vacuum  on  the  one  side  to  increase  the  effect  of  the  air 
pressure  on  the  other,  being  the  peculiarity.  By  these  plans  of 
Compared  with  excavating,  there  is  the  advantage  that  much  of  the  machinery  and 
or  mary   re  ger.  ^^^^^  ^f  ^^  Ordinary  dredger-boat  is  avoided ;  and  as  the  pipes  occupy 

little  space,  they  may  be  used  in  cylinders  or  caissons  too  cramped 
and  confined  to  admit  moving  buckets,  and  also  in  narrow  spaces 
and  comers  in  harbours  or  docks.  But  there  is  the  disadvantage 
that  in  lifting  the  spoil  in  a  semi-liquid  condition  it  is  generally 
necessary  to  lift  with  it  an  equal  or  even  greater  quantity  of  water, 
the  weight  of  which,  of  course,  has  to  be  deducted  from  the  effective 
service  of  the  motive  power. 

Coat  of  dredging.         The  Cost  of  dredging  varies  within  a  very  wide  range,  and  the 

estimates  put  forward  by  inventors  and  advocates  of  particular 
systems,  must  be  received  with  caution  unless  confirmed  by  actual 
offers  from  experienced  contractors. 

Besides  the  obvious  expenditure  incident  to  the  kind  of  material 
to  be  dredged,  the  depth  of  water  and  the  distance  of  transportation, 

Special  causes  of  the  circumstances  of  locality,  time,  and  tide,  as  well  as  the  limitation 

of  season  or  weather,  may  go  far  to  determine  the  actual  outlay. 
Mud  and  sand  have  been  removed  at  a  cost  of  less  than  2^.  per  ton, 
and  from  this  price  up  to  %d,  may  be  reckoned  as  sufficient  for  such 
materials,  except  in  very  exceptional  cases.  But  for  hard  clay  or 
ballast,  or  for  uncertain  and  variable  strata  containing  boulders  or 
Obstructions,      flints,  or  where  there  are  contingent  risks  of  encountering  rocks,  old 

timber  or  other  difficulties,  the  price  as  measured  by  those  who  are 
willing  to  run  the  risk,  will  range  from  9</.  to  3J.  per  ton.  Even  this 
maximum  may  be  exceeded  where  the  cost  of  plant  has  to  be  divided 
over  a  small  quantity  of  dredging   in   such  awkward  situations  as 
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pier  cylinders  or  foundations.  A  trustworthy  conclusion'  as  to  cost 
can  only  be  arrived  at  after  a  considerable  period  of  working,  so  that 
the  real  outlay  for  repairs  s.nd  maintenance  may  be  ascertained. 
Interest  on  capital  must  also  be  allowed  for,  and  sometimes  also  a 
sinking  fund  to  recoup  the  original  outlay  for  special  plant,  whose 
use  again  within  a  reasonable  time  cannot  be  depended  on. 

Dredging  work  is  paid  for  in  various  ways.  Where  the  circum- 
stances are  of  a  novel  kind,  contractors  may  be  unwilling  to  take  all 
the  risks  except  at  prices  which  appear  inordinate,  and  it  may  prove 
fairer  to  all  concerned  to  pay  for  the  services  of  a  complete  dredging 
plant  by  the  day  or  month,  either  at  a  fixed  rate  to  include  labour, 
fuel,  superintendence,  and  maintenance,  or  at  separate  schedule  rates 
for  these  different  items. 

Even  where  the  above  method  of  payment  is  adopted,  specific 
operations  of  an  ordinary  kind,  such  as  the  transport  of  the  spoil, 
may  be  scheduled  at  prices  per  ton  or  cubic  yard ;  although  there 
are  certain  risks  attending  the  combination  of  day-work  and  piece- 
work in  one  contract.  In  the  majority  of  cases  the  whole  of  the 
work  is  done  at  schedule  rates,  per  ton  or  per  yard  of  material  dealt 
with,  and  even  where  the  contract  is  nominally  for  a  lump  sum,  the 
latter  is  based  only  on  approximate  quantities  subject  to  alteration 
or  measurement  which  makes  the  schedule  rates  for  work  actually 
accomplished  the  real  basis  of  price.  When  the  agreed  price  is  per 
ton  or  per  yard  of  material  gotten,  there  may  be  various  rates  either 
according  to  the  kind  of  spoil  or  the  depth  of  excavation  or  both. 
It  is  most  satisfactory  to  all  concerned  when  the  excavated  spoil  can 
serve  some  useful  purpose,  and  just  as  the  material  quarried  from 
the  side  of  a  hill  to  enlarge  a  harbour  may  be  tipped  into  the  sea 
to  form  a  mole  or  breakwater,  so  may  the  spoil  dredged  from  the  sea 
be  used  in  the  construction  of  an  embankment  or  dock  quay. 
Special  ladder  dredgers  are  contrived  for  lifting  from  the  barges  and 
depositing  on  an  embankment,  the  spoil  brought  from  the  original 
dredger.  Some  of  the  apparatus  used  for  this  subsidiary  purpose 
resembles  that  employed  in  and  about  the  grain  elevators  used  in 
Chicago  and  other  ports  of  storage. 

When  the  main  or  only  object  of  dredging  is  the  deepening  of  a 
channel  or  dock  or  the  removal  of  a  bar,  more  cubic  yards  will  have 
to  be  excavated  than  the  gain  in  the  sectional  area  of  the  water-way. 
For  not  only  may  there  be  much  water  in  the  spoil  lifted,  but  the 
same   causes    by  which  the  original  shoal  was    formed    may  again 
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operate  and  partially  fill  up  the  excavated  space.  The  softer  the 
material,  the  greater  the  allowance  that  must  be  made  for  such  con- 
tingencies, and  in  the  case  of  alluvial  soil  or  mud  deposited  in  docks 
or  harbours  by  the  regular  action  of  the  tide,  constant  dredging  may 
be  necessary. 

In  designing  or  selecting  dredger  plant  for  use  in  any  particular 
case,  the  leading  points  which  have  to  be  considered,  and  on  which 
full  information  should  be  supplied  to  those  concerned,  may  be 
summarised  as — 

1.  The  Purpose  to  be  effected  ;  whether  the  removal  of  a  bar,  the 
deepening  or  widening  of  a  river  channel,  the  removal  of  banks  or 
shoals,  or  the  clearing  of  a  dock. 

2.  The  Space  available  for  the  dredger,  as  in  a  wide  or  narrow 
river,  harbour,  or  canal ;  and  any  particulars  which  may  determine 
the  direction  of  delivering  the  spoil  from  the  buckets,  whether  into 
barges  alongside,  or  at  the  end  of  the  dredger-boat,  or  on  to  the  shore. 
The  above  particulars  may  be  given  with  advantage  on  a  map,  plan, 
or  chart,  on  which  also  may  be  marked  the  soundings  and  the  depth 
of  excavation  which  is  required. 

3.  The  TicUy  or  the  range  of  flood  level,  and  the  strength  of 
current 

4.  The  nature  of  the  Ground  to  be  excavated,  and  if  var}'ing 
according  to  depth,  a  section  as  nearly  as  may  be  of  the  strata ;  and 
if  boulders,  sunken  trees,  or  other  obstructions  are  likely  to  occur, 
their  probable  kind. 

5.  The  Periods  of  working ;  whether  permanent  or  occasional,  at 
tidal  or  other  intervals,  and  the  amount  of  excavation  required  in  a 
given  time. 

6.  Particulars  regarding  the  Depositing  of  the  spoil  in  barges, 
whether  in  deep  or  shallow  water,  or  on  shore  ;  the  distance  from  the 
place  of  excavation ;  the  mode  of  conveying  the  spoil,  and  the  time 
occupied  in  transit ;  and  any  circumstances  which  may  help  to  deter- 
mine the  kind  of  hopper-barges  required,  or  the  expediency  of  con- 
veying the  spoil  in  the  dredger-boat  itself. 

7.  Whether  Living  room  is  to  be  provided  on  board  the  dredger, 
and  if  so,  for  how  many  men,  and  the  storage  space  required  for  fuel, 
water,  and  provisions. 

8.  Particulars  as  to  the  length,  width,  and  depth  of  water  of  any 
locks,  dock-entrances,  quays,  or  other  spaces,  with  which  the  shape, 
dimensions,  or  draught  of  the  boat  must  accord. 
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9.  The  kind  of  Fuel  to  be  used,  and  its  cost  Fuel  and  water. 

10.  The  kind  of  Water  available  for  the  engine-boilers. 

11.  Whether  the  dredger-boat  will  be  exposed  to  rough  seas  or 

winds,  extremes  of  Climate^  marine  worms,  and  any  particulars  which         climate, 
will  guide  the  choice  of  propelling  power,  anchors,  cables,  and  other 
equipments. 

12.  Under  whose  Managenwit  the  dredging  operations  will  be     Management, 
carried  on,  and  the  kind  of  workmen  and  superintendents  available 

for  managing. 

13.  The  means  of  Transport  to  the  site  of  operations,  an  I  whether  Transport  to  site, 
the  dredger-boat  is  to  be  navigated  complete  to  its  destination  or 

sent  in  pieces. 

14.  The  facilities  for  Repairs^  and  such  other  particulars  as  will   Duplicate  parts, 
determine  the  number  of  duplicate  parts  required.  seepxgeZz^ 

Diving-apparatus^  as  used  in  engineering  operations  for  enabling 
men  to  work  under  water,  is  of  five  principal  kinds ;  the  helmet  and 
dress,  the  diving-bell,  the  air-lock  bell,  the  air-cylinder,  and  the  air-  Diving-apparatus 

classified. 

caisson.  The  main  circumstance  which  limits  the  application  of  all 
these  systems  is  the  depth  of  water.  A  sunken  vessel  or  other  sub- 
merged object  can  be  examined  to  a  depth  of  160  ft,  but  actual 
working  can  seldom  be  carried  on  below  120  ft.  Portable  electric 
lamps  are  now  available  under  water,  and  a  telephone  in  the  diver's 
helmet  greatly  facilitates  his  operations. 

In  the  diving-helmet  the  air-supply  must  be  of  sufficient  pressure  Helmet  and  dress. 
to  force  open  the  escape-valve  for  the  impure  or  already-breathed  air 
against  the  head  of  water,  and  therefore  the  pressure  from  the  air-      Air  pressure, 
pump  must  always  slightly  exceed  that  of  the  water,  which  is  nearly   Water  pressure, 
i  lb.  per  square  inch  for  each  foot  of  depth  (43 J  lbs.  for  100  ft)       See^g*^, 
Improvements    in    the    diving-helmet    and    dress    have    removed 
the  risks  which  were  unavoidable  in  the  earlier  and  less  perfect 
apparatus,   and   minimise   the   inconveniences  of  breathing  under 
pressure,  as  the  diver  has  now  a  ready  means  of  controlling  the  air 
supply.     It  is  found  that  no  difficulty  arises  up  to  a  depth  of  50  ft. ;  Limits  of  depth, 
that  a  diver  after  a  little  practice  can  as  well  descend  80  ft. ;  and 
beyond  this,  up  to  150  ft.,  the  depth  at  which  work  can  be  con- 
veniently carried  on  depends  on  the  constitution  of  the  men.     Tiiere     Ordinary  and 
are  many  divers  who  cannot  descend  more  than  80  ft.     There  are  "*"*"*""  depth, 
few  who  can  endure  more  than  100  ft,  and  160  feet  may  be  con- 
sidered the  maximum  depth  to  which  the  strongest  men  will  descend. 
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although  a  few  instances  of  endurance  in  a  depth  even  of  200  ft.  are 
recorded.  Not  only  are  the  difficulties  of  breathing  intensified  at 
ihese  great  depths,  but  the  pressure  over  the  whole  body  becomes 
unendurable.  The  helmet,  dress,  air-pump,  and  other  appurtenances 
forming  a  complete  apparatus?,  as  suitable  for  an  engineer  or  con- 
tractor, costs  from  ;£^ioo  to  ;£^i2o.  The  air-pump  is  the  most 
expensive  part  of  the  apparatus,  and  as  one  set  of  pumps  can,  without 
proportionate  extra  expense,  be  made  large  enough  for  supplying  two 
divers,  a  double  equipment  only  costs  about  ^150 ;  but  the  pumps 
must  be  specially  arranged  for  the  purpose,  to  enable  them  to  supply 
air  at  varying  pressures,  as  of  course  the  two  divers  will  not  be  always 
exactly  at  the  same  depih.  A  light  apparatus,  such  as  is  sometimes 
carried  on  board  ship  for  examining  the  hull,  and  suitable  for  depths 
of  40  ft.,  can  be  purchased  for  about  £60. 

Diving-bells  (not  now  used  so  often  as  formerly)  may  be  made 
either  of  cast  or  wrought  iron,  and  if  of  the  latter,  there  is  a  ledge 
outside  on  which  to  place  kentledge  or  other  weights  which  force 
the  descent  A  diving-bell  of  ordinary  size  is  6  ft.  long,  4  ft  6  in. 
wide,  and  5  ft  10  in.  high.  Round  the  inside  of  the  bell  is  a  seat 
high  enough  to  keep  the  men*s  feet  clear  of  the  water.  There  arc 
generally  four  lenses  of  thick  glass  on  the  roof ;  there  are  of  course 
openings  or  inlets  for  the  air-tube,  and  there  is  a  relief  or  safety 
valve.  There  are  usually  four  suspending  chains  attached  to  strong 
eye-bolts  passing  through  the  roof,  and  from  these  eye-bolts  loads  can 
be  suspended  and  deposited  as  the  diver  may  direct 

As  a  larger  surface  of  water  has  to  be  held  back,  a  more  con- 
siderable escape  from  the  mouth  of  the  bell  made  good,  and  there- 
fore a  larger  volume  of  pressure-air  maintained  than  in  a  diving-helmet, 
larger  pumps  are  necessary ;  but,  on  the  other  hand,  the  maximum 
pressure  per  inch  which  is  required  for  divers  in  deep  water  does  not 
Limits  of  depth,  occur  in  the  bell,  as  the  limit  of  depth  within  which  men  can  safely 

work  is  much  less.  For  while  a  man  can  endure  on  the  small 
surface  in  the  helmet  where  the  air  supply  is  guided  and  controlled, 
a  pressure  to  overcome  a  head  of  water  of  from  80  to  150  ft,  the 
pressure  in  a  bell  becomes  oppressive  beyond  50  ft,  and  80  ft.  may 
be  taken  as  the  greatest  depth.  Indeed,  as  diving-bells  are  generally 
employed  for  subaqueous  structures,  and  not  for  the  exploring  and 
other  miscellaneous  work  of  a  diver,  the  depth  in  the  great  majority 
Cost  of  of  cases  does  not  exceed  40  ft  A  diving-bell  complete  with  air- 
diving-beii.       pumps  and  tubing,  and  with  three  tons  of  iron  weights,  costs  about 
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;£'20o,  but  these  prices  do  not  include  the  cranes  or  any  other  lifting 
apparatus.  The  cost  and  inconvenience  of  lifting  and  moving  diving- 
bells  greatly  limits  their  use ;  the  diver  in  helmet  and  dress  is  generally 
preferable ;  and  where  an  air  chamber  is  necessary,  the  diving-bell  has 
been  superseded  for  many  purposes  by  air-lock  belis  and  air-caissons. 

Air-lock  bells  resemble  diving-bells  in  being  open  at  the  bottom  Air-lock  beUs. 
and  in  having  a  working  chamber  filled  wiih  compressed  air  of  force 
sufficient  to  hold  back  the  water ;  but,  unlike  the  ordinary  diving- 
bell,  they  are  always  accessible  from  the  top.  The  air-chamber  b  at  '- 
the  bottom  is  made  of  a  size  sufficient  for  the  work  to  be  done  in  it,  "- 
and  its  height  being  limited  to  that  convenient  for  the  workmen,  ^ 
the  space  to  be  charged  with  air  is  of  moderate  extent  Above  the  -. 
air-chamber  there  is  a  cylinder  or  tube,  large  enough  for  men  to  pass  .: 
through,  reaching  above  the  surface  of  the  water  and  open  to  the  E 
atmosphere ;  and  at  the  junction  of  this  tube  with  the  air-bell  below, 
or,  in  some  cases,  at  the  lop  of  the  tube,  is  a  lock  or  chamber  a 
with  a  door  and  air-cock  at  each  end,  so  that  as  communication  is  Mode  of  working, 
opened  either  with  the  compressed  air  below  or  with  the  atmosphere 
above,  the  men  can  pass  in  and  out,  and  excavated  materials  can 
pass  also.  The  air-bell  may  be  lowered  into  its  place  by  chains  from 
above,  but  the  lowering,  raising,  and  moving  from  place  to  place, 
are  rendered  easy  by  means  of  the  displacement  in  the  working 
air-chamber,  and  also  in  other  spaces  c  provided  for  the  purpose 
above,  which  not  only  are  equal  to  the  weight  of  the  bell  itself  and 
appurtenances,  but  to  suspended  loads  also.  On  the  other  hand,  the 
air-spaces  can  be  filled  with  water,  and  ballast  weights  attached,  so 
that  the  buoyancy  can  be  adjusted  and  controlled. 

Air-cylinders  somewhat  resemble  the  bell  as  just  described,  as  they 
are  open  to  the  atmosphere  above,  and  have  a  working  chamber 
below  with  an  air-lock  between,  but  they  are  generally  permanent 
structures.  That  is  to  say,  they  are  to  serve  as  bridge  piers,  and 
when  by  nfeans  of  excavation  in  the  working  chamber  they  have 
reached  a  firm  foundation,  the  chamber  is  filled  with  concrete,  the 
air-lock  is  removed,  the  entire  cylinder  also  filled  with  concrete,  or 
left  as  an  iron  column  to  support  the  bridge  above.  If  a  base  larger 
than  the  column  is  wanted  to  afford  sufficient  bearing  on  the  ground, 
the  working  chamber  may  be  made  of  larger  diameter  than  the  upper 
part.  Cylinders  are  generally  forced  down  by  weights,  an  ordinary 
plan  being  to  place  iron  or  stone  on  a  timber  framing  on  the  upper 
tier.     But  by  this  plan  a  cylinder  is  apt  to  become  top-heavy,  and 
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ir  the  weights  can  be  placed  inside  and  low  down,  the  sinking  can  be 
moie  safely  effected.  In  such  a  case  the  lower  tier  may  form  a 
working  chamber  a,  and  the  tier  above  an  air-tock  b,  solid  rings  of 
brickwork  or  concrete  e  e  being  built  up  to  give  weight  and  stability. 
When  the  cyUnder  has  penetrated  to  the  desired  depth,  the  air-doors 
c  D  may  be  removed,  and  the  cylinder  filled  up  solid  with  concrete.  Or 
it  may,  in  some  cases,  be  possible  to  still  further  simplify  the  process 
by  omitting  the  outer  iron  casing  above  the  air-chamber,  and,  instead 
to  build  a  cylinder  of  brickwork,  the  latter  being  built  as  on  a  floating 
caisson,  course  by  course  as  the  caisson  sinks,  an  inner  tube  of  iron 
allowing  access  to  the  aii-chamber  as  in  the  aii-lock  hell.  Durmg  the 
sinking  of  cylinders  by  the  pneumatic  system,  if  a  very  soft  stratum 
be  met  with,  the  pumping  may  be  reversed,  a  vacuum  created,  ths 
materutl  being  forced  into  the  cylinder  by  the  atmospheric  pressure, 
which  at  the  same  time,  pressing  on  the  outside  of  the  cylinder,  forces 
it  downwards. 

The  pumps,  air-doors,  valves,  and  tubing  suitable  for  an  air- 
chamber  6  ft.  high  in  a  pier-cylinder  8  fL  diameter  would  cost  about 
;^3oo,  and  from  this  upwards  there  is  a  wide  range,  the  power 
necessary  in  the  pumps  increasing  rapidly  with  the  volume  of  air  to 
be  supplied,  and  with  the  density  or  degree  of  compression  as  deter- 
mined by  the  depth  of  water. 

The  Air-Caisson  is  an  amplification  of  the  air-cylinder,  and  is  used 
where  large  foundations  are  needed.  In  this  case,  when  the  excava- 
tion is  concluded,  and  the  air-chamber  b  filled  with  concrete,  a  solid 
pier  of  concrete  or  masonry  (as  dotted)  is  built  above  it,  and  the  tube 
A  and  air-lock  T  removed.  The  sides  d  d  of  the  caisson  may  be  of 
iron  or  timber,  or  both  combined,  temporarily  strutted  inside  with 
timber  during  the  building  of  the  pier  within ;  or  if  it  be  built  of 
concrete,  walls  only  of  moderate  strength  would  be  needed,  the 
space  within  being  kept  tilled  with  water  till  the  concrete  displaced 
it,  the  pressure  of  the  water  inside  balancing  that  without.  The  most 
notable  examples  of  an  air-caisson  have  occurred  in  the  construction 
of  the  foundations  of  the  St.  houis  bridge  over  the  Mississippi,  where 
the  air-chamber  was  82  ft.  long  and  60  ft,  wide  ;  also  at  the  bridge 
subsequently  built  over  the  East  River  at  New  York;  for  building 
the  quay  walls  at  Antwerp  in  1881 ;  on  a  still  larger  scale  at  the 
foundations  of  the  Forth  Bridge  in  Scotland  in  1885-6;  and  in 
1893-6  for  the  excavation  of  the  Blackwalt  TunncL 

The  experience  gained  in  the  building  of  these  foundations  is  of 
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great  value.     It  was  found  that  healthy  men  could  work  safely  at  Limits  of  depth, 
a  depth  of  from  80  ft  to  90  ft.,  if  only  subjected  to  the  pressure  for 
about  an  hour  at  a  time,  and  if  the  change  to  and  from  the  compressed 
air  chamber  was  made  gradually.   A  deiith  of  100  ft  is  the  maximum 
to  which  the  system  of  air-caissons  can  safely  be  reckoned  on. 

Advantage  may  be  taken  of  the  compressed  air  in  cylinders  and 
caissons  to  work  machines.  Thus  sand  or  mud  may  be  removed 
by  means  of  a  pipe  from  the  air-chamber  below  open  to*  the  atmo- 
sphere above.  The  spoil  being  heaped  round  the  lower  mouth  of 
the  pipe  and  a  cock  opened,  the  air  pressure  will  force  the  spoil 
upwards.  Where  rock  has  to  be  excavated,  holes  for  explosives 
may  be  made  by  percussion  rock-drills  of  the  ordinary  kind  by 
means  of  the  compressed  air,  if  a  tube  from  the  exhaust  orifice  of 
the  drill  cylinder  to  the  atmosphere  above  relieve  the  piston  of  back 
pressure.  Of  course  where  the  compressed  air  is  used  for  supple- 
mentary purposes  of  this  kind,  the  air  pumps  must  be  equal  to  the 
extra  demand. 


Rock-drills. 


In  diving  apparatus  of  all  kinds  it  is  of  the  utmost  importance, 
for  safety  to  the  workmen,  that  the  tubes,  valves,  and  other  parts 
should  be  of  the  best  quality,  kept  in  good  order  and  tested  periodi- 
cally. The  engineer  or  manufacturer  to  whom  the  design  or  choice 
of  apparatus  is  entrusted  should  be  fully  informed  of  all  the  circum- 
stances of  the  case,  namely,  of  the  purpose  in  view,  of  the  other 
appliances  with  which  the  apparatus  is  to  be  combined,  and  of  the 
depth  of  water. 

Although  considerable  improvements  have  been  made  in  the 
various  pneumatic  apparatuses  just  described,  such  systems  are  Pneumstie 
necessarily  troublesome  and  expensive,  and  while  the  helmet  and  ™***'°**  expensive, 
dress  are  cheap  and  available  for  a  variety  of  purposes,  air-cylinders 
and  caissons  should  be  used  only  when  simpler  methods  are  found 
to  be  too  difficult  or  impracticable.  The  invention  of  automatic 
excavating  machines  which  can  be  worked  from  above,  are  in  many 
cases  rendering  the  use  of  compressed  air  unnecessary. 


Seepage  8a6. 


Pile-drivers. 


Pile-drivers  are  worked  either  by  hand  or  by  steam-power,  the 
latter  giving  ten  times  as  many  blows  as  is  possible  with  hand  labour 
and  at  much  less  expense.  The  falling  ram  of  a  pile  engine  is 
generally  of  some  weight  between  8  and  20  cwt.,  the  latter  being 
very  rarely  exceeded.     For  lighter  rams,  "  ringing-engines  "  only  are  Rinffing-en^rines. 
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used,  the  weight  being  lifted  by  a  hand-rope  passing  round  a  pulley. 
The  winch  of  a  hand-machine  is  worked  by  single  power,  whatever 
the  weight,  as  double  power  would  be  too  slow ;  the  number  of  men 
being  increased  from  two  to  five,  according  to  the  weight  Steam- 
machines  are  also  worked  by  single  power,  so  as  to  obtain  speed ;  and 
it  is  inexpedient  to  increase  the  weight  of  ram  beyond  that  which  the 
steam-engine  is  arranged  for,  as  the  additional  weight  can  only  be  met 
by  increasing  the  steam  pressure. 

The  suitability  of  a  pile-driver  depends  not  only  on  its  action  when 
working,  but  on  various  secondary  points,  such  as  portability,  facility 
of  adjustment  and  attachment.  As  pile-drivers  have  often  to  be 
pushed  forward  on  a  slight  or  overhanging  stage,  lightness  is  essential ; 
and  at  the  same  time  the  apparatus  must  be  stable  enough  to  serve 
as  a  derrick  for  dragging  and  lifting  the  piles  into  position.  The 
various  automatic  movements  for  catching  and  releasing  the  ram 
are  now  well  understood,  and  are  common  to  most  pile-drivers,  the 
more  modem  improvements  being  in  the  direction  of  portability,  in- 
creased scope,  driving  diagonal  as  well  as  vertical  piles,  and  such 
methods  of  construction  as  will  allow  of  a  pile  being  driven  below  the 
level  of  the  stage  on  which  the  machine  stands,  without  the  inter- 
position of  a  driving-piece  or  "dolly"  between  the  falling  ram 
and  the  pile  head.  Such  machines  are  known  as  "  telescope  "  pile- 
drivers. 

Where  a  continuous  wall  of  piling  is  required,  as  for  a  cofferdam, 
it  is  usual  to  drive  first  separate  "  gauge-piles  "  at  intervals  of  about 
15  ft.,  arranging  these  very  exactly  in  the  desired  line.  These  piles 
are  then  connected  by  horizontal  walings,  so  as  to  form  a  guide  or 
frame-work  within  which  to  drive  the  continuous  or  sheet  piling.  The 
last  pile  in  each  bay  is  made  of  special  width,  so  as  to  fit  tightly  into 
the  space  left  for  it,  and  as  a  key  or  wedge  to  squeeze  all  tightly  and 
closely  together.  The  proi)er  driving  of  the  piles  greatly  depends  on 
the  correctness  of  the  preparatory  work  and  on  having  the  lower  walings 
near  the  ground.  Sometimes  a  ringing-engine  or  light  machine 
worked  from  a  barge  is  used  for  driving  the  advance  piles,  on  which 
can  then  be  constructed  a  staging  for  a  heavier  machine ;  but  even 
for  advance  work  of  this  sort,  steam-power  can  often  be  employed 
with  but  little  additional  weight,  by  detaching  the  engine  from  the 
machine  and  leading  only  the  chain  to  it.  But  on  a  suitable  staging 
or  even  a  floating  barge,  the  weight  of  the  engine  ii  an  advantage  as 
affording  stability.     Sometimes  the  engine  is  complete  with  boiler,  but 
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m  other  cases  the  steam  is  brought  from  a  detached  boiler,  often 
from  that  of  a  portable  engine. 

The  proper  pointing  of  a  pile  has  much  to  do  with  the  correct- 
ness of  the  driving,  for  unless  the  point  is  true  with  the  centre  line 
of  the  pile,  and  the  iron  shoe  also  truly  fixed,  the  pile  is  apt  to  go 
wrong.  Gauge  piles  or  staging  piles  should  have  diamond-shaped 
points  (Fig.  297),  that  is,  tapered  square  exactly  the  same  on  the 
four  sides.  Any  unevenness  in  this  respect  causes  the  pile  to  diverge 
from  a  vertical  line.  But,  for  this  reason,  in  sheet-piling  the  points 
are  bevelled  more  on  one  side  than  on  the  other  (Fig.  298),  so  as  to 
cause  the  pile  to  press  against  the  preceding  pile,  and  so  ensure  a 
close  wall. 

Pile-driving  machines  are  generally  made  from  35  to  40  ft  high, 
and  a  manual  machine  has  generally  a  base  about  8  ft.  square. 
Including  one  15-cwt.  ram,  such  a  machine  would  cost  from  ;^5o  to  Dimensions  and 
£60,  or  if,  as  is  sometimes  preferre.1  for  export,  the  woodwork  be  pBe-drfvers. 
omitted,  about  jQ^o  less.  The  usual  height  of  a  steam-machine  is 
40  ft,  the  base  is  from  8  ft  to  10  ft  square,  and  the  weight  when 
fully  equipped  is  from  6  to  7  tons.  Such  a  machine  costs  from 
;:^25o  to  jCzS^i  or  about  ^^50  less  if  the  woodwork  be  omitted. 
Higher  or  stronger  machines  are  occasionally  made  for  very  large 
piles,  and  also  for  driving  iron  piles.  For  any  but  large  machines, 
it  is  usual  to  furnish  the  base  with  wheels,  so  that  it  can  move  along 
a  line  of  rails  laid  for  the  purpose,  a  gauge  of  7  ft.  or  8  ft  being 
generally  most  suitable. 

Discrimination  is  needetl  to  determine  the  most  suitable  weight  of  weight  and  fail 
ram  and  height  of  fall.    Generally  a  heavy  ram  and  moderate  fall  will  ^    ^°  ™"*'     „ 

°  '  ''  See  pages  761  »&•  780. 

do  more  effective  work  than  the  same  aggregate  force  with  a  lighter 

ram  and  greater  fall.     On  the  other  hand,  the  energy  of  a  heavy  ram 

maybe  expended  in  crushing  the  pile  instead  of  forcing  it  downwards. 

The  thickness  of  the  pile,  the  kind  of  wood,  and  the  nature  of  the 

ground  are  the  principal  points  which  determine  the  weight  of  the  ram  how  determined. 

and  its  fall,  but  the  depth  of  insertion,  and  the  consequent  friction  to 

be  overcome,  have  also  to  be  considered,  and  for  these  reasons  the 

ram  is  changed  sometimes  in  the  course  of  driving  a  single  pile. 

Not  only  is  it  impossible  to  drive  piles  far  into  a  hard  stratum 
like  gravel  and  chalk,  but  even  sand  or  silt  will,  by  its  friction,  offer 
a  resistance  when  a  certain  depth  is  reached,  which  cannot  be  over- 
come by  a  falling  weight  Where  it  is  important  that  piles  should 
reach  a  depth  beyond  that  at  which  they  might  be  "  underscoured," 
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the  difficulty  of  sinking  them  may  be  overcome  by  attaching  to  the 
pile  a  tube  through  which  water  is  forced  with  such  pressure  as  to 
loosen  the  soil  at  the  point  of  the  pile  and  so  allow  the  falling  weight 
to  take  effect.  A  somewhat  similar  plan  has  been  successfully 
applied  to  the  insertion  of  hollow  cast-iron  piles  into  sea  sand,  the 
weight  of  the  pile,  assisted  by  a  reciprocating  circular  motion,  being 
sufficient  to  force  it  down,  when  the  sand  is  kept  in  a  **  quick  "  or 
live  condition  by  forcing  water  (as  by  a  fire-engine  pump)  down  to 
the  point  of  the  pile  (Fig.  299)  through  an  inner  tube.  When  the 
pumping  is  stopped  the  sand  will,  in  a  short  time,  setde  round  the 
pile  and  grasp  it  firmly. 

As  much  of  the  expense  in  pile-driving  is  in  the  cost  of  staging,  of 
placing  the  machine,  ringing  and  shoeing  the  piles  and  pitching  them, 
the  cost  of  driving  would,  if  stated  per  foot,  be  more  for  a  small  depth 
to  be  driven  than  for  a  greater  depth,  as  these  preparatory  expenses 
are  about  the  same  in  any  case.  In  any  contract  for  pile-driving 
these  circumstances  must  be  taken  into  consideration,  and  if  it  be 
desired  to  arrange  a  schedule,  then  it  is  better  to  specify  first  a  fixed 
price  per  pile  and  then  a  rate  per  foot.  But  even  this  is  not  enough 
if  the  strata  be  unknown  or  variable,  as  the  cost  of  driving  obviously 
increases  as  the  pile  becomes  tighter  in  the  ground,  and  a  higher  rate 
beyond  a  certain  depth  becomes  necessary.  An  experienced  con- 
tractor is,  however,  often  able  to  meet  all  these  contingencies  by  an 
average  price,  or  is  willing  to  take  the  risk  for  a  certain  sura  of 
money. 


\See  also  Railways  :  Harbours  and  Docks  :  Mining  Enter- 
prise: Steam-Engines  ;  Cranes.] 


CHAPTER    XXIX. 

I'ORTLAND  CEMENT. 

Portland  cement  was    first 
introduced     about     1840-50, 
and  its  manufacture  his  since 
attained     euormous     pro  por- 
tions in   England   and  else- 
where.     The    name    is    mis- 
leading,  for    the    cement   is 
not   made   at    Portland,    but 
was  so  designated  at  iis  first 
introduction,      because     the 
concrete   made   with   it   had     Origin  of  mm 
a   supposed    resemblance   to 
the  well-known  Portland  stone.     When  mixed  with  sand  pnd  made 
into  mortar,  Portland  cement  not  only  binds  masonry  or  brickwork 
together  with  a  strength  and  hardness   unattainable    in    any  other 
way,  but,  unlike  ordinary  lime  mortar,  it  iias  the  useful  hydraulic 
quality  of  setting  and  remaining  hard  under  water.     It  is,  however, 
when  made  into  Concrete  or  Bihn  that  it  has  its  highest  value,  and      ^'J'"!*"  ""' 
by  its  use  as  a  substitute  for  masonry,  and  by  the  facilities  it  affords 
for  subaqueous  structures,  cement -conciete    may  be  said   to    have 
revolutionised  this  branch  of  the  engineer's  art. 

The  ease  with  which  the  materials  for  concrete  may  be  brought  to 
the  site  of  building  works,  and  there  made  into  blocks  of  the  desired 
form  or  weight,  is  an  advantage  which  allows  of  building  operations 
otherwise  impossible.    There  is  hardly  any  limit  to  the  size  of  block      s^  hsbhoiks. 
that  can  be  made,  the  difficulty  arising  only  in  the  moving  them,     /"*""**•■" 
Cranes  for  lifting  30  tons  are  frequently  provided  on  public  works,       .Tr^Cn'sii, 
but  for  heavier  blocks  special  apparatus  is  contrived,  or  the  blocks  ts'^«^ 

are  floated  to  the  place  of  deposit  on  rafts  or  pontoons.  Besides 
this,  homogeneous  walls  of  any  length  can  be  moulded  in  situ.  In 
docks  and  sea-walls,  as  well  as  in  sanitary  works  of  various  kinds. 
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whereyer  foundations  have  to  be  built  under  water  or  on  wet  soil, 
concrete  or  cement  brickwork  alone  affords  the  necessary  stability. 

The  quality  and  cost  of  cement  depend  principally  on  the  locality 
where  it  is  made,  on  the  kind  of  materials  there  available,  and  on  the 
methods  of  manufacture  adopted.  The  best  Portland  cement  is 
made  from  a  mixture  of  chalk  (calcium  carbonate),  with  certain  kinds 
of  clay  (aluminium  silicate),  in  proportions,  speaking  broadly,  rang- 
ing from  about  2  to  4  of  chalk  to  i  of  clay,  according  to  the  kind  of 
chalk  and  clay  ;  and  these  materials  (of  which  about  two  tons  are 
needed  for  each  ton  of  cement),  having  been  thoroughly  mixed,  are 
calcined  in  a  kiln  and  ground  to  powder. 

The  principal  Portland  cement  works  in  England  are  situated 
near  London,  on  the  rivers  Thames  and  Medway,  where  there  is  a 
combination  of  advantages  existing  nowhere  else  in  the  world.  The 
chalk  and  clay  are  found  close  together  on  or  near  the  river  bank, 
and  yet  quite  separate,  so  that  the  proper  proportions  can  be  exactly 
measured ;  the  coke  from  the  large  gas-works  of  London,  also  on 
the  river  bank,  affords  a  cheap  and  plentiful  supply  of  suitable  fuel ; 
and  the  situation  of  the  factories  allows  the  cement  to  be  loaded 
into  barges,  coasting-vessels  and  export  ships  at  a  trifling  expense. 
Moreover,  as  vessels  leave  London  for  almost  all  foreign  ports,  the 
cement  as  weight  or  ballast  cargo  has  the  advantage  of  low  freights. 

There  are  many  variations  of  detail  at  all  stages  of  manufacture. 
At  first  almost  all  the  London  cement  was  made  by  mixing  the 
chalk  and  clay  together  in  what  is  known  as  a  wash-mill,  in  which 
they  were  stirred  together  with  about  an  equal  weight  of  water  by 
revolving  harrows,  and  by  causing  the  mixture,  when  thoroughly 
amalgamated  into  a  consistency  like  milk,  to  flow  into  shallow 
reservoirs  or  "  backs,"  from  which  the  surface  water  was  gradually 
allowed  to  flow  away  or  dry  up,  till  there  only  remained  at  the  bottom 
what  is  known  among  English  makers  as  "  slurry "  or  "  slip,"  of 
about  the  consistency  of  butter.  To  still  further  dry  the  slurry  by 
mere  exposure  to  the  air  would,  in  the  English  climate,  have  taken 
too  long  a  time,  and  artificial  heat  was  employed  ;  an  ordinary  plan 
being  to  lay  the  slurry  on  drying-floors  near  the  kilns.  These  dry- 
ing-floors were  heated  in  various  ways  :  in  some  cement  works  by 
ordinary  fires ;  in  others,  where  coke  was  made,  by  heat  from  the 
coking-ovens ;  while  in  some  cases,  the  heat  given  off  by  the  cal- 
cining kilns  during  the  process  of  burning  and  cooling  was  utilised 
in  connection  with  the  drying-floors. 
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The  slurry  having  been  dried  to  a  consistency  approaching  that  of  Dned  iiuny 
ordinary  chalk  (but  still  containing  much  moisture)  was  then  broken 
into  pieces  and  placed  with  about  an  equal  bulk  of  coke  in  a  kiln 
and  calcined  ;  this  operation  of  burning  and  that  of  afterwards 
cooling  occupying  about  three  days.  The  resulting  "  clinker,"  as  it 
is  called,  is  intensely  hard,  and  of  a  dark  grey  colour.  The  next 
process,  after  picking  out  and  throwing  aside  all  imperfectly  burnt 
clinker,  was  to  break  it  by  rollers  or  by  a  stone-crushing  machine 
into  pieces  about  the  size  of  a  walnut ;  and  it  was  then  ground  to 
powder  between  mill -stones.  The  above  methods  have,  however, 
been  considerably  altered,  as  will  presently  be  described. 

The  quality  of  Pordand  cement  and  its  fitness  for  the  desired 
purpose  are  ascertained  by  various  tests,  and  as  there  have  been 
considerable  changes  in  regard  to  these,  as  also  in  the  methods 
adopted  by  manufacturers  to  meet  them,  the  following  particulars 
may  be  useful.  The  tests  for  tensile  strength  are  by  English  en- 
gineers generally  made  with  neat  cement,  but  some  engineers  prefer 
to  mix  the  cement  with  sand  so  that  it  may  more  directly  represent  Mixed  with  sand, 
the  condition  in  which  it  has  to  serve  in  actual  work.  The  elements  stepa^e^si- 
of  error  in  cement  testing  are,  however,  sufficiently  numerous  without 
adding  that  of  the  varying  qualities  of  sand.  A  neat  cement  test  for 
strength  coupled  with  one  for  fineness  ensures  the  desired  quality. 
Standard  sizes  of  test  blocks  have  been  established  to  allow  of  con- 
venient comparison ;  the  custom  in  England  having  been  to  use 
briquettes  \\  in.  thick  and  3  in.  wide  at  the  ends,  reduced  to  ij  in. 
wide  at  the  middle,  so  as  to  give  a  sectional  area  of  2 J  square 
inches.  Briquettes  with  a  sectional  area  of  exactly  one  square  inch 
in  the  middle  are  also  used,  and  since  1890  are  adopted  in  the 
majority  of  cases.  The  briquette  after  being  moulded  is  allowed 
to  set  for  a  certain  time  in  a  dry  place,  followed  by  a  further  period 
in  water,  and  is  then  held  at  the  ends  and  torn  asunder,  the  fracture 
occurring  in  the  middle  as  the  weakest  place. 

It  has  been  found  that  it  is  impossible  to  rely  on  a  cement  being 
of  an  acceptable  minimum  strength  unless  it  has  a  certain  density  or  Density  or  weight 
weight,  and  is  ground  to  a  certain  fineness.  The  heavier  the  cement 
the  harder  it  is,  and  the  more  expensive  the  grinding.  Up  till  about 
1880  the  English  standards  of  quality  were  accepted  as  sufficient 
throughout  the  world,  and  even  the  most  important  public  works 
were  carried  out  under  specifications  of  which  the  following  is  nn 
average  example.     The  cement  had  to  weigh  not  less  than  112  lbs. 
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per  bushel  (1*225  cubic  feet),  and  be  of  such  a  fineness  that  it 
would  pass  through  a  sieve  40  by  40,  equal  to  1600  meshes  per 
square  inch,  leaving  a  residue  of  not  more  than  10  per  cent. 
Briquettes  made  of  such  cement  were  allowed  to  remain  24  hours  in 
a  dry  place  to  set,  and  were  placed  in  water  for  six  days  imme- 
diately following.  After  this  total  period  of  seven  days,  the  briquettes 
on  being  tested  by  tension  were  required  to  bear  300  lbs.  per  square 
inch  without  fracture.  Much  of  the  cement  made  under  this  specifi- 
cation was  found  to  endure  a  much  higher  strain,  and  as  the  use  of 
hydraulic  mortar  and  concrete  grew  in  quantity  and  importance, 
closer  investigations  were  made  to  ascertain  the  real  causes  of  these 
differences,  and  to  establish  a  higher  standard  which  could  be  relied 
on  with  certainty.  These  investigations  originated  in  Germany, 
where,  owing  to  the  less  favourable  conditions  in  regard  to  materials, 
it  was  found  that  cement  of  proper  strength  could  only  be  obtained 
by  fine  grinding.  It  was  also  found  by  English  engineers  and  manu- 
facturers that  their  cement  could  also  be  improved  by  the  same  means. 
Since  that  time  sieves  of  2500  holes  to  the  square  inch  have  been 
adopted,  through  which  the  cement  has  to  pass  without  residue,  and 
then  through  sieves  of  5776  holes  (76  x  76)  to  the  square  inch, 
leaving  a  residue  of  10  per  cent.  Even  finer  grinding  has  in  some 
cases  been  specified,  but  it  must  be  borne  in  mind  that  fine  grinding 
beyond  a  certain  point  is  of  no  value.  As  regards  the  condition  that 
the  whole  of  the  cement  must  pass  through  a  sieve  of  2500  holes, 
it  is  questionable  whether  an  allowance  ought  not  to  be  made  for  a 
certain  residue  so  as  to  allow  for  a  few  coarse  particles  having  passed 
the  grinding  mill. 

Cement  when  made  into  mortar  remains  plastic  only  a  few  hours, 
and  its  quick  setting  under  water  is  useful  for  preventing  the  mate- 
rials from  separating  or  the  cement  from  being  washed  away.  But  it 
is  not  desirable  that  cement  should  attain  its  maximum  hardness  in 
too  short  a  time,  as  it  is  found  that  durability  is  best  obtained  by 
slow  setting.  The  time  occupied  in  setting  is  measured  by  the  re- 
sistance to  the  pressure  of  a  blunt  needle  under  a  prescribed  load,  and 
also  by  repeating  tensile  tests  at  successive  periods  after  the  setting 
has  commenced,  so  as  to  ascertain  for  how  long  a  time  the  strength 
is  increased  by  a  greater  hardness.  Numerous  opportunities  of  veri- 
fying the  qualities  of  cement  used  under  such  conditions  are  aflforded 
by  the  cutting  away  of  old  concrete  or  brickwork  which  has  been  set 
in  cement.     Unlike  the  testing  of  iron,  brickwork,  or  other  materials 
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of  construction  demanding  no  preliminary  treatment,  cement  requires 
much  manipulation,  and,  at  each  of  the  numerous  stages  in  the  opera- 
tion, a  slight  variation  in  treatment  may  involve  wide  differences  of 
result,  not  caused  by  real  differences  of  quality ;  and,  therefore,  while 
the  testing  of  cement,  properly  performed,  is  of  great  value,  it  is 
dangerous  to  draw  conclusions  unless  the  circumstances  are  alike  in 
all  the  cases  which  are  compared.  The  making  of  the  briquettes 
requires  great  care  and  experience,  the  quality  of  the  briquettes  being 
iifFected  by  the  following  circumstances.  The  freshness  or  age  of  the 
cement,  the  temperature,  the  quantity  and  quality  of  water  with  which 
it  is  mixed,  the  manner  of  moulding  the  briquette  and  of  removing 
it  from  the  mould,  the  temperature  in  which  the  setting  takes  place, 
the  length  of  time  in  setting,  the  fact  that  it  has  set  in  or  out  of 
water,  and  also  the  skill  displayed  in  getting  the  largest  possible 
quantity  of  the  gauged  cement  into  the  moulds  in  the  shortest  time. 
Even  when  the  briquettes  are  made,  the  manner  of  holding  them 
during  the  test,  and  the  manner  and  rapidity  of  applying  and  mea- 
suring the  weight,  also  help  to  determine  the  result ;  and  erroneous 
conclusions  are  drawn  if  any  part  of  the  process  is  imperfectly 
performed. 

The  rapid  growth  of  the  demand  for  cement  as  its  qualities 
became  known  throughout  the  world,  and  the  even  greater  extension 
of  cement  factories  not  only  in  England,  and  the  north  of  France, 
and  elsewhere  in  Europe  where  chalk  is  obtainable,  but  also  in 
Germany  and  the  United  States,  where  substitutes  more  or  less 
suitable  are  available,  led  to  a  keen  competition  among  makers. 
The  great  addition  which  packing  for  export  and  sea-freight  make 
to  the  original  cost  of  manufacture,  naturally  encouraged  attempts  to 
make  cement  in  countries  where  it  was  to  be  used,  but  the  absence 
of  chalk  has  been  a  primary  difticulty  in  almost  all  such  attempts. 
Where  chalk  is  wanting,  limestone,  sea-shells  and  other  materials 
of  a  like  nature  are  used.  In  the  United  States  up  to  the  year 
1898,  no  marine  chalk  had  been  found  available,  but  about  one- 
fifth  part  of  American  cement  was  made  from  marl,  having  a  large 
proportion  (about  85  per  cent.)  of  carbonate  of  lime  or  of  chalk 
formed  by  decomposition  of  fresh-water  shells.  Most  of  the 
American  cement  is  made  from  argillaceous  limestone,  which  gives 
more  or  less  the  proportions  necessary  for  cement,  the  exact 
proportions  being  adjusted  by  the  addition  of  other  materials. 
Cement  so  made  cannot,  however,  be  relied  on  to  give  a  uniform 


Expert  care  in 

testing. 


Growth  of  the 
cement  trade. 


Germany  and 
United  States. 


Substitutes  for 
chalk. 


854 


Mathesofis  Aid  Book.         [Chap.  XXIX. 


Semi -dry  proceea. 


good  result  equal  to  that  obtained  from  cement  of  the  proper 
Portland  type. 

The  long  period  of  settling  in  backs  which  was  appropriate  for 
clay  mixed  with  chalk,  is  not  suitable  for  limestone  or  other  hard 
forms  of  lime  used  instead  of  chalk.  In  some  such  cases  these 
hard  materials  are  first  burnt  to  render  them  friable  enough  to  mix 
in  a  wash-mill.  In  other  cases  they  are  crushed  and  ground,  and 
then  mixed  with  a  proper  proportion  of  clay  and  enough  water  to 
render  the  mixture  plastic.  The  mixture  is  then  made  into  bricks 
which  are  burnt  in  a  Hoffman  or  other  usual  kihi,  and  having  thus 
attained  the  condition  of  "clinker"  are  broken  and  ground  to  the 
necessary  fineness. 

Following  partly  on  the  above  lines,  but  without  the  preliminary 
burning  or  hard  grinding  which  is  unnecessary  in  England,  the  semi- 
dry  process  has  been  adopted  by  the  principal  makers  in  the  London 
district.  That  is  to  say,  instead  of  the  mixing  in  a  wash-mill  with 
water  to  about  the  amount  of  its  own  weight,  which  required  a  long 
period  of  settling  in  backs,  the  practice  has  become  almost  universal 
of  mixing  the  chalk  and  clay  with  a  minimum  amount  of  water,  and 
incorporating  the  whole  by  amalgamating  between  millstones  while  in 
this  wet  condition,  and  then  evaporating  the  water  from  the  slurry 
on  drying-floors  by  artificial  heat.  After  being  burnt  in  a  kiln  the 
resulting  clinker  is  crushed  and  pulverised  by  millstones,  edge- 
runners,  or  other  mills.  In  England  and  many  other  countries  there 
Blue  lias  cement,    are  found  numerous  beds  of  lias  and  other  marl  in  close  combination 

or  close  contiguity  with  calcareous  cement  in  which  fossil  fish  shows 
the  origin.  Cement  possessing  hydraulic  properties  can  be  made 
from  these  materials,  and  is  useful  for  mortar  or  concrete  where 
carriage  renders  Portland  cement  expensive,  but  no  cement  made 
up  to  the  year  1898  can  equal  in  strength  and  durability  that  manu- 
factured in  the  London  district,  if  the  comparison  be  made  under 
the  same  condition  of  fine  grinding  which  has  been  universally 
adopted  by  engineers. 

Incidental  to  this  minuter  grinding,  as  fine  cement  weighs  much 
less  per  striked  bushel  than  coarse  cement,  it  has  been  found  ad- 
visable by  some  engineers  not  to  stipulate  for  any  weight  accord- 
ing to  bulk  as  formerly,  but  to  specify  instead,  a  certain  specific 
gravity. 

For  public  works  of  importance,  great  care  is  exercised  in  testing 
the   cement   in   accordimcc   with    elaUorate   specifications.       But  bv 
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users  who  have  not  the  means  or  apparatus  for  such  precautions  it 
will  generally  be  found  that  London  manufacturers  of  repute  may  be 
relied  on  to  supply  cement  which  will  fulfil  the  conditions  set  forth 
in  the  specifications  on  pages  856-9.  The  trade  marks  or  brands 
of  such  manufacturers  are  well  known  throughout  the  world. 

Care  is  necessary  in  the  storage  and  treatment  of  cement.  It 
must  be  stored  under  cover,  and  should  be  protected  from  a  damp 
atmosphere  and  from  extremes  of  temperature.  Cement  is  not  fit 
for  use  until  it  has  been  exposed  to  the  air  for  some  time ;  and  has 
been  purged  of  any  free  lime  which  it  may  contain ;  and  as  the 
cement  is  sometimes  packed  and  sent  away  from  the  factory  directly 
it  is  ground,  without  sufficient  exposure  to  the  air,  it  should  not  be 
used  immediately  after  taking  it  from  the  casks  or  sacks,  but 
should  be  spread  out  on  a  dry  floor,  so  that  the  air  may  reach  it 
for  a  few  days,  and  should,  if  possible,  be  turned  over  occasionally. 

The  price  of  Portland  cement  at  English  factories  has  ranged 
since  1870  from  21X.  to  40J.  per  ton,  exclusive  of  packing  and  trans- 
port. The  expenses  of  packmg  bear  a  high  proportion  to  the  value 
of  the  cement.  For  carriage  in  the  country  of  manufacture,  it  is  usual 
to  pack  the  cement  in  sacks  holding  about  2  cwt.  But  sacks,  while 
sufficient  for  inland  carriage,  and  even  for  short  coasting  voyages, 
afford  insufficient  protection  in  case  of '  export  and  long-distance 
carriage,  against  rough  handling  in  stowage  or  transhipment,  and 
also  against  moisture. 

Casks  holding  from  300  to  448  lbs.  are  generally  used ;  and  by 
the  custom  of  the  trade,  sales  have  been  made  per  cask  and  not 
according  to  net  weight;  but,  the  tare  being  known,  the  net  weight 
is  the  real  measure  of  value.  Casks  add  about  17^.  per  ton  to  the 
cost  of  cement,  and  it  is  seldom  that  the  casks  can  be  returned  from 
abroad.  Although  this  method  of  selling  casks  by  their  gross  weight 
prevails  largely  among  merchants,  government  engineers  in  England 
generally  purchase  only  by  net  weight,  400  Ibsi  of  cement  being  a 
usual  quantity  in  one  cask.  In  the  absence  of  stipulations  to  the 
contrary,  export  casks  are  bound  with  ten  wooden  hoops  and  two 
iron  hoops.  As  a  safeguard  against  wet,  a  lining  of  waterproof 
paper  is  added,  at  a  further  expense  of  about  2d.  As  the  cement, 
whether  in  sacks  or  casks,  must  be  protected  from  moisture,  carts, 
railway-wagons,  or  barges  which  are  used  for  carriage  must  be 
covered. 

It  is  only  intended  here  briefly  to  indicate  the  methods  of  using 
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cement.  Good  mortar  is  made  with  about  2  parts  of  sand  to  i  of 
cement ;  fresh-water  sand  being  better  than  sea-sand.  Concrete  is 
made  generally  of  shingle  or  gravel,  mixed  with  cement  of  good 
English  quality  in  such  proportions  that  from  5  to  1 2  parts  of  gravel 
(which  must  include  2  parts  of  sand)  go  to  i  part  of  cement.  The 
exact  proportion  within  these  wide  limits  must  be  determined  by  the 
importance  of  the  service  required,  and  the  judgment  of  the  engineer. 
Although  sand  of  a  loamy  kind  will  make  a  good  lime  mortar,  the 
materials  for  cement  mortar,  if  its  full  strength  be  desired,  should  be 
perfectly  free  from  soil  of  any  kind,  and  in  order  to  ensure  this  they 
should  be  washed  if  necessary.  Sharp  and  clean  river  shingle  or 
coarse  gravel  affords  the  best  materials,  but  coral,  broken  bricks, 
and  many  other  materials  are  also  suitable,  slight  porosity  being  an 
advantage.  As  the  various  materials  employed  in  the  making  of 
concrete  differ  in  specific  gravity,  and  as  the  cement  and  sand  form 
the  matrix  that  holds  the  other  materials,  the  proportions  that  deter- 
mine the  mixture  are  taken  by  bulk  and  not  by  weight.  The  quantity 
of  water  which  may  be  added  to  a  certain  bulk  of  sand,  without 
overflowing,  will  indicate  the  bulk  or  measure  of  cement  which  will 
fill  up  the  interstices,  and  form  a  trustworthy  matrix  or  mortar.  The 
concrete  should  be  mixed  dry,  and  water  applied  and  mixed  im- 
mediately before  depositing  in  place.  Where  concrete  is  deposited 
in  water,  it  may,  with  care,  be  lowered  in  open  buckets,  but  it  is 
advisable  to  pass  such  buckets  through  wooden  shoots  to  prevent  the 
concrete  being  separated,  and  where  the  current  is  strong,  the 
concrete  ought  to  be  laid  in  place  in  canvas  bags. 

The  following  is  the  specification  of  quality  on  which  the  con- 
tracts of  the  London  County  Council  were  based  in  1897. 


London  County 
Council 
specification. 


Prescribed  test. 


Strength  and 
fineness. 


The  whole  of  the  cement  is  to  be  highly-burnt  pure  Portland  cement  of  the 
best  quality,  free  from  lime,  slag,  dust  or  other  foreign  material  mixed  with  it 
after  the  cement  has  left  the  kiln.  The  cement,  neat,  must  not  set  in  less  than 
one  hour.  It  is  to  be  ground  so  fine  that  the  residue  on  a  sieve  of  5800  meshes  to 
the  square  inch  (equal  to  about  76  per  lineal  inch)  shall  not  exceed  10  per  cent, 
of  the  whole  by  weight. 

The  tests  will  be  conducted  by  the  officers  of  the  Council  at  the  CounciPs 
testing  station,  and  tho>e  tendering  shall  convey  to  this  place  any  saooples  of 
cement  required  free  of  charge. 

The  cement,  when  tested  neat,  is  to  be  mixed  with  about  17  to  20  per  cent, 
of  water,  and  shall  then  be  capable  of  sustaining  a  tensile  strain  of  400  lbs.  per 
square  inch  seven  days  after  being  made  into  briquettes,  during  the  last  six  days 
of  which  the  briquettes  have  been  immersed  in  water.  At  the  expiration  of 
twenty-eight  days  the  briquettes  shall  be  capable  of  bearing  a  tensile  strain  of 
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550  lbs.  per  square  inch,  having  been  immersed  in  water  during  the  last  twenty- 
seven  days. 

The  cement,  when  tested  with  sand,  is  to  be  gauged  with  three  times  its 
weight  of  dry  sand,  which  has  passed  through  a  sieve  of  400,  and  been  retained 
upon  one  of  9cx>  meshes  to  the  square  inch.  The  cement  and  sand  having  been 
well  mixed  dry,  about  10  per  cent,  of  their  weight  of  water  is  to  be  added,  and 
briquettes  formed  in  moulds  of  one  inch  sectional  area  at  the  weakest  parts.  The 
briquettes  having  in  the  meantime  been  kept  in  a  damp  atmosphere,  are  to  be  put 
into  water  twenty- four  hours  after  they  have  been  made,  and  shall  remain  in 
water  twenty-seven  days  more,  when  their  tensile  strength  is  to  be  tested  by  the 
architect  or  engineer  by  means  of  apparatus  belonging  to  the  Council,  and  must 
bear  without  breaking,  a  weight  of  200  lbs.  per  square  inch. 

The  strain  is  to  be  applied  in  all  cases  at  the  rate  of  200  lbs.  per  minute. 

Besides  these  mechanical  tests,  the  cement  will  be  tested  a<«  to  its  chemical 
character,  and  as  to  its  specific  gravity,  which  is  not  to  be  less  than  3*10,  and  if 
not  found  satisfactory  in  every  respect,  will  be  rejected. 

The  following  specification  is  that  on  which  the  British  Admiralty 
based  their  contracts  for  cement  for  export  in  1897.  It  will  be  seen 
that  very  elaborate  conditions  are  given  in  regard  to  packing. 

1.  The  quantity  of  cement  required  is tons.     Delivery  is  to  be  made  in 

one  cargo  within weeks  from  date  of  acceptance  of  tender. 

2.  The  cement  is  to  be  delivered  into  freight  ship  in  the  Thames,  or  in  the 
lliames  docks,  as  may  be  determined,  in  casks  containing  400  lbs.  net  weight 
each.     With  each  delivery  the  contractor  must  send  to  the  officer  in  charge  of 

works  at an  invoice,  stating  the  total  net  quantity  delivered,  number  of 

casks,  &c. 

The  casks  are  to  be  kept  covered  and  dry  while  in  the  lighters,  and  until  they 
are  shipped.  The  contractor  is  to  be  responsible  for  the  care  of  the  cement  until 
it  is  delivered  into  ship.  The  casks  will  be  retained  by  the  Admiralty,  and  their 
cost,  and  that  of  the  packing  and  delivery  of  the  cement  into  ship,  are  to  be 
borne  by  the  contractor. 

3.  Should  the  contractor  fail  to  deliver  the  stipulated  quantity  of  cement  at    Penalty  for  delay 
the  proper  time,  and  cf  the  proper  quality,  he  shall  pay  as  liquidated  damages 

for  non-delivery  a  sum  not  exceeding  u.  per  ton  per  week  for  every  week  up  to 
six  weeks  during  which  such  cement  remains  not  delivered.  At  the  conclusion  of 
the  said  six  weeks  the  Admiralty  shall  be  at  lil)erty  to  cancel  the  unexecuted 
portion  cf  the  contract  and  obtiin  the  cement  elsewhere. 

4.  The  net  weight  of  the  cement  delivered  on  the  works  will  be  paid  for. 
This  weight  will  be  ascertained  by  weighing  10  per  cent,  of  the  casks  of  cement 
as  delivered,  taken  indiscriminately,  and  deducting  the  tare  ;  on  the  net  resulting 
weight  per  cask  thus  ascertained,  the  total  net  quantity  of  cement  will  be  esti- 
mated and  paid  for,  or  the  whole  of  the  cement  may  be  passed  over  a  weigh- 
bridge, wheie  one  is  available,  at  the  option  of  the  officer  in  charge  of  works. 
Casks  damaged  and  palpably  deficient  will  be  set  aside  and  dealt  with  separately. 

5.  The  cement  will  be  tested  on  the  contractor's  premises  by  an  officer  or 
inspector,  hereinafter  called  ihe  inspector,  appointed  by  the  director  of  works, 
who  will  visit  the  contractor's  premises  and  take  samples  of  the  cement  for 
testing  at  such  times  and  in  such  a  manner  a»  he  may  think  fit.    For  this  purpose 
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the  inspector  is  to  have  free  access  to  the  contractor's  premises  at  -all  reasonable 
times,  and  the  contractor  is  to  afford  him  every  facility  for  inspection,  and  for 
taking  samples  and  testing.  He  is  also  to  provide  free  of  charge  and  to  the 
satisfaction  of  the  inspector  all  apparatus  required  for  testing  the  cement  at  the 
manufactory. 

6.  All  cement  for  this  contract  must  be  ground  into  a  perfectly  clean  and 
empty  bin  or  part  of  a  warehouse  properly  partitioned  off.  Each  parcel  of  cement 
offered  must  not  exceed  250  tons,  and  if  possible  the  depth  of  the  heap  in  each 
bin  should  not  exceed  5  feet.  In  cases  where  the  maximum  of  5  feet  is  not  prac- 
ticable, special  arrangements  must  be  made  or  appliances  provided  to  enable  the 
inspector  to  take  a  thorou(*hly  representative  sample  from  the  heart  of  the  mass. 

7.  llie  casks  are  to  be  made  of  sound  well-seasoned  fir,  fully  ^-inch  thick 
and  closely  jointed  ;  each  case  is  to  be  bound  with  four  strong  new  iron  hoo])s 
splayed  to  fit  the  cask,  and  ten  wooden  hoops  well  driven  on  and  firmly  nailed. 
The  bulge  hoop  is  to  be  not  less  than  9  inches  from  the  end  of  the  staves.  The 
heads  are  to  be  of  fir  or  oak,  not  less  than  \  inch  thick,  secured  by  two  hoops 
each,  one  inside  and  the  other  out,  the  inside  hoop  to  be  not  less  than  1}  inches 
from  the  end  of  the  staves  ;  tach  head  is  to  have  cross  bars  not  less  than  3  inches 
by  \  inch.  The  points  of  all  nails  passing  through  the  staves  to  be  prop>erly 
clenched.  The  casks  are  to  be  carefully  lined  throughout,  including  bottom  and 
head,  with  strong  pliable  waterproof  paper  of  a  thickness  to  be  approved  by  tlie 
inspector.  All  casks  are  to  properly  marked  D  \  W,  and  addressed  to  the  officer 
in  charge  of  works. 

8.  The  cement  is  to  be  pure  Portland,  manufactured  solely  from  chalk  and 
clay  of  the  best  possible  quality,  and  in  every  way  suitable  for  use  in  engineering 
works  of  the  heaviest  character.  It  must  be  free  from  all  admixture  of  Kentish 
rag,  slag  or  any  other  diluting  or  adulterating  material  whatever,  and  the  con* 
tractor  must  furnish  to  the  officer  in  charge  of  works  a  certificate  to  this  efiect  with 
each  consignment. 

9.  The  time  of  setting  is  not  less  than  ten  minutes,  or  more  than  three  hoars, 
and  will  be  determined  in  the  following  manner.  As  soon  as  each  briquette  is 
gauged  the  time  will  be  noted,  and  at  frequent  intervals  a  needle  having  a  flat 
end  ^^  of  an  inch  square,  and  weighted  to  a  total  of  i\  lbs.,  will  be  applied  to  the. 
surface  of  the  cement.  When  the  point  of  the  needle  fails  to  make  any  impression 
upon  the  surface  the  time  will  be  again  noted,  and  the  difference  between  the 
second  and  first  readings  will  be  considered  the  time  of  setting  for  each  pat  or 
briquette ;  the  mean  of  these  times  will  be  taken  as  the  time  of  setting  for  the  batch 
of  cement  to  which  the  series  of  tests  apply. 

10.  1  he  whole  of  the  cement  is  to  pass  through  a  sieve  50  by  50  =  2500 
meshes  per  square  inch,  wires  to  be  of  brass  and  '007  inch  in  diameter,  while  on 
a  sieve  76  by  76  =  5776  meshes  per  square  inch,  made  of  brass  wire  '005  inch  in 
diameter,  tlie  residue  must  not  exceed  15  per  cent,  by  weight. 

11.  The  tensile  strength  is  to  be  such  that  briquettes  cast  in  the  form  shown 
on  margin,  giving  to  the  briquette  a  minimum  section  of  either  I  inch  by  I  inch 
or  ij  inches  by  i^  inches,  as  may  be  preferred,  will  sustain  before  breakin}^ 
350  lbs.  on  the  square  inch  seven  days  after  gauging.  The  strain  upon  the 
briquette  will  be  applied  at  the  rate  of  100  lbs.  in  15  seconds. 

An  average  of  the  breaking  strains  of  six  briquettes  will  be  taken  as  the  strength 
of  the  cement. 

The  samples  for  testing  will  be  taken  from  different  parts  of  the  parcel  or  bulk 
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in  such  a  manner  as  the  inspector  may  think  fit.  so  that  the  cement  tested  may  be 
thoroughly  representative  of  the  whole  batch.  After  cooling,  to  the  satisfaction 
of  the  inspector,  the  neat  cement  will  be  mixed  with  about  20  per  cent,  of  water, 
or  not  more  than  is  required  to  produce,  when  ready  for  the  mould,  a  smooth, 
easily  workable  paste,  that  will  leave  the  trowel  in  a  compact  mass.  The  gauged 
cement  is  then  to  be  at  once  filled  into  the  moulds,  and  all  air  bubbles  thoroughly 
worked  out.  As  soon  as  the  briquettes  are  set  they  are  to  be  removed  from  the 
moulds,  and  at  the  expiration  of  twenty-four  hours  from  the  time  of  gauging  they 
are  to  be  placed  in  water,  where  they  are  to  remain  until  tested. 

The  percentage  by  weight  of  water  used  in  gauging,  the  temperature  of  the 
water,  of  the  testing-room,  and  the  gauged  cement  to  be  recorded  for  reference. 

12.  Pats  of  neat  cement,  6  inches  square  and  \  of  an  inch  thick,  made  on  glass 
or  other  impervious  substance,  and  placed  under  water  as  soon  as  set,  and  kept 
immersed  for  seven  days,  or  if  tested  in  any  other  way  that  mp.y  be  considered 
neces«iary  by  the  inspector  to  test  the  soundness  of  the  cement,  shall  show  no 
cracking,  flying,  or  alteration  of  form.  These  pats  of  cement  when  broken  are  to 
show  a  section  of  uniform  hardness  and  colour  throughout. 

13.  The  specific  gravity  of  the  cement  when  fresh  burned  and  ground  to  be  not     Specific  gravity 
less  than  3*15,  or  3'  10  when  it  can  be  proved  to  the  satisfaction  of  the  inspector 

that  some  time  has  elapsed  since  grinding.  Any  cement  of  a  less  specific  gravity 
than  this  minimum  will  be  rejected. 

14.  A  representative  sample  of  cement  from  each  burning  will  be  submitted  to 
chen)ical  analysis  if  considered  necessary  by  the  director  of  works. 

15.  Should' any  of  the  samples  of  cement  selected  by  the  inspector  for  examina- 
tion and  testing  by  mechanical  means  he  found  in  any  way  unsatisfactory,  or  not 
in  accordance  with  the  conditions  of  this  specification,  or  should  the  result  of  the 
chemical  analysis  show  that  the  cement  contains  more  than  3  per  cent,  of  magnesia, 
or  that  the  composition  of  the  cement  generally  is  of  an  unsatisfactory  character,  or 
is  likely  to  produce  unsound  work,  the  whole  parcel  of  cement  from  which  the 
samples  are  taken  will  be  rejected. 

16.  No  consignment  of  cement  is  to  be  despatched  by  the  contractor  without  a 
written  order  to  do  so  from  the  inspector.  The  contractor  is  to  notify  to  the 
director  of  works  whenever  a  parcel  of  cement  is  rea'iy  to  be  despatched  from  his 
premises. 

17.  Should  any  doubt  arise  as  to  the  meaning  of  any  patt  of  this  specification, 
or  any  difference  arise  with  regard  to  matters  of  any  kind  relating  to  the  carrying 
out  of  this  contract  between  the  officer  in  charge  of  works  or  inspector  and  the 
contractor,  the  matter  in  dispute  is  to  be  referred  to  the  director  of  works,  and  his 
decision  is  to  be  final  and  binding  on  both  sides. 

In  the  year  1897-8  the  cement  works  in  the  London  district  were 
manufacturing  to  their  full  capacity  of  about  25,000  tons  weekly, 
and  the  works  were  being  increased  to  meet  the  demand  which  was 
rapiJly  growing,  notwithstanding  the  competition  of  many  foreign 
countries. 
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See  page  420. 


\See  also  Harbours  and  Docks  :   Bridges  :  Cranes.] 


CHAPTER    XXX. 

IRON   AND   STEEL   BUILDINGS.      IRON   AND   STEEL   ROOFS. 

l^  Iroh  and  steel  are  used  in  the  construction 

cf  buildings  and  roofs  for  different  reasons. 
First,  in  cases  where  they  are  tietter  than 
wood  because  of  their  greater  durability 
and  strength,  or  tietter  than  stone  and 
brick,  because  they  occupy  less  space  than 
these  materials  and  can  be  more  rapidly 
erected.  Conservatories,  winter  ■  gardens, 
market-buildings,  railway-stations,  drill-halls, 
and  race-stands  are  examples.  Secondly, 
where  the  cost  of  transport  has  to  be  con- 
sidered, iron  and  steel  being  lighter  than 
other  materials  in  proportion  to  strength. 
iight''Bnd  chup.  Thirdly,  iron  and    steel   are   used   for   roofs 

and  girders,  because  of   the    greater   span 
they   allow.     Lastly,   they  are    preferred  for 
■^r-     ,-,w*r'/^-T  ,■    ^^^"    cheapness,   especially   in   the  case  of 
temporary  houses,  churches,  warehouses,  and 
Easily  cKcied.     Other  Structures,  which  in   most  countries  can  be  erected  of  iron 
and  steel,  at  a  less  cost  than  of  brick  or  stone,  and  sometimes  even 
more  cheaply  than  of  wood.     For  buildings  such  as  these,  which 
might  be  more  durable  of  brick  or  stone  than  of  iron,  the  desire 
for  cheapness  may  arise  from  the  temporary  purpose  of  the  building. 
Even,  however,  where  permanency  can  be  reckoned  on,  the  need  for 
cheapness  may  outweigh  all  other  considerations. 

The  great  development  of  iron  buildings  has  been  encouraged  by 
Soiled  Iran  and    the  numetous  forms  of  rolled  iron  and  steel  available  to  the  con- 
_         ^'  structor,  of  which  not  only  ordinary  T,  L,  and  I  sections  are  examples, 

<>«'j6i-  but  also  those  shown  on  pages  863-5,  and  by  the  strength  and  cheap- 

ness of  corrugated  sheet  iron.    Rolled  jmsts  or  beams  are  more  easily 
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produced  than  girders  made  of  several  pieces  riveted  together,  and  Rolled  beims. 
are  useful  for  a  variety  of  purposes,  not  only  as  parts  of  metallic  Str  foft  j6j. 
structures,  but  for  buildings  in  all  other  respects  of  brick  or  stone. 
Rolled  joists  are,  however,  not  convenient  for  certain  forms  of  attach- 
ment, and  are  sometimes  misapplied,  especially  where  the  cheaper 
kinds  are  subjected  to  bending  or  smithing.  For  beams  deeper  than 
15  inches  riveted  girders  are  generally  to  be  preferred. 

In  Europe,  where  masonry  and  brickwork  are  the  usual  materials      ironwork  only 
for  building,  ironwork  has  generally  served  only  a  subordinate  purpose,         brickwork, 
and  has  taken  the  leading  place  in  a  design  only  for  such  special 
structures  as  railway  stations,  matkets,  exhibition  halls,  and  winter- 
gardens.     In  cities,  however,  where  the  land  has  grown  in  value,  the 
saving  in  space  which  the  use  of  iron  allows  has  led  to  great  changes. 
The  most  frequent  use  of  iron  and  steel  is  for  girders  supporting       steel  floors. 
floors,  there  being  the  combined  advantages  of  an  increase  in  the 
strength  and  span,  a  saving  in  the  depth  or  thickness  of  the  floor,  and 
the  facility  by  which,  with  such  a  metallic  framing,  a  building  made  in 
all  other  respects  of  brickwork  can  be  rendered  fire-proof. 

In  the  United  States  still  greater  progress  has  been  made  in  the  steei  structure* 
use  of  iron  and  steel.  Timber  is  cheap  there,  and  formerly  the  great 
majority  of  houses  were  framed  of  wood.  Owing,  on  the  one  hand, 
to  the  frequency  of  fires,  of  which  the  conflagration  in  Chicago  in 
1871  and  that  of  Boston  in  1872  are  notable  instances,  and  on  the 
other  to  the  desire  for  lofty  buildings,  full  use  has  been  made  of  Iron 
and  steel,  which  can  be  composed  and  fitted  at  the  manufactory  and 
erected  in  a  much  shorter  time  than  masonry  or  brickwork  and 
without  the  liability  to  stoppage  by  frosty  weather.  Although  the 
lofty  buildings  of  twelve  to  twenty  stories,  as  erected  in  American 
cities,  have  not  been  allowed  in  Europe,  the  skill  shown  in  their 
design  and  the  experience  gained  in  their  erection  are  available  for 
structures  of  more  moderate  dimensions,  ^^^ 

Masonry,  brickwork,  or  lerra-cotta  have,  in  these  high  buildings.     Lofty  buiidinit. 
only  a  secondary  place,  the  whole  weight  of  the  upper  stories  and 
floors   being   taken   on.  a  steel  skeleton  or   framing.     The   solidity 
of  the  foundations  for  sustaining  heavy  loads  is  a  primary  considera-       Founditiom. 
tion,  and  great  ingenuity  has  been  shown  in  building  safely,  even  on 
weak  ur  marshy  soil.     In  the  earlier  steel  buildings  great  expense  was 
incurred  in  driving  timber  piles,  but  such  piling  has  been  reduced  in       Timbtr  pii«. 
importance  or   in    some  cases   eniirely  superseded  by  the    use   of 
concrete  covering  the  whole  area  of  the  site  and  held  together  into     Concrete  basei. 
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a  homogeneous  mass  by  embedding  in  it  lines  and  cross  lines  of  rail- 
way rails  or  rolled  beams.     This  plan  has  in  its  turn  been  modified, 
because  it  was  found  that  an  equal  strength  of  foundation  was  not 
appropriate  for  loads  not  everywhere  alike,  and  by  an  unequal 
subsidence  taking  place  in  consequence.     Footings  of  brickwork  or 
concrete  along  the  lines  of  walls  are  now  often  found  sufficient,  the 
width  of  the  footings  varying  to  suit  the  loads  that  are  to  be  imposed, 
and  to  give  a  uniform  pressure  per  square  foot.     Loads  of  from  2000 
to  4000  lbs.  per  superficial  foot  are  usual  on  such  footings,  while  on 
strata  as  strong  as  ** London  clay"  10,000  lbs.  per  foot  have  been 
safely  imposed.     Not  only  are  the  main  columns  or  stanchions,  as 
well  for  the  outer  walls  as  for  the  interior  supports,  made  of  steel,  but 
the  horizontal  members  and  bracings  which  complete  the  framing  of 
the  side  walls  are  also  so  made.     Rolled   steel  beams  or  riveted 
girders  form  the  horizontal  framework  of  each  story,  and  the  floors 
are  generally  made  of  hollow  tiles  or  bricks  shaped  (a)  to  fit  the  beams, 
and  which  are  incombustible.     In  England  concrete  (b),  either  fiat  or 
in  arched  forms,  is  generally  used,  because  Portland  cement  for  making 
the  concrete  is  cheap  and  abundant.     The  concrete  is  made  with 
ballast  of  small  size  frequently  mixed  with  coke  breeze,  a  combina- 
tion which  is  strong,  light,  and  proof  against  sound  or  fire.      For 
steel  buildings  which  have  to  be  exported,  concrete  would  generally 
be  the  best  for  the  floors,  as  cement  could  be  transported  to  the  site 
more  cheaply  than  hollow  bricks  unless  the  latter  could  be  con- 
veniently made  at  or  near  the  site  of  the  building.     Both  the  English 
and  the  American  plans  have  proved  successful.     There  is  a  great 
variety  of  such  hollow  tiles,  which  are  lightened  and  rendered  porous 
by  a  slight  admixture  of  sawdust  with  the  clay  before  burning.     Not 
only  are  the  floors  formed  of  fire-proof  material,  but  the  partition 
walls  are  made  of  it  and  columns  are  surrounded  by  it,  so  that  the 
building  is  quite  invulnerable  to  any  fire  except  that  caused  by  large 
quantities  of  combustible  materials. 

The  live  load  imposed  on  floors  or  platforms  has  to  be  provided 
for  in  a  great  variety  of  structures,  and  has  been  dealt  with  by  engi- 
neers in  all  countries.  The  maximum  allowed  for  in  bridges  ranges 
from  80  to  100  lbs.  per  square  foot.  The  actual  weight  of  people 
and  furniture  in  rooms  used  as  offices  has  been  found  in  America 
seldom  to  exceed  10  lbs.,  and  in  order  to  provide  a  wide  margin  of 
safety,  75  lb?,  is  generally  taken  to  include  everything  beyond  the 
structure  itself,  namely,  people,  partitions,  iron  safes,  and  furniture. 
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The  dead  weight  of  the  floor  for  rooms  16  ft.  square,  including  steel 
beams,  hollow  bricks,  concrete,  and  thin  wood  surface,  has  been  found 
to  be  also  about  75  lbs.,  and  this  has  been  taken  as  a  basis  in  calcu- 
lating the  total  load  of  every  story  above  the  ground  and  first  floors. 
For  these  lower  floors  100  lbs.  per  square  foot  is  a  usual  allowance. 
The  weight  and  cost  of  the  steel  framework  of  office  buildings  as  above 
described,  and  15  to  20  stories  high,  has  in  practice  ranged  from  1% 
to  2  lbs.  per  cubic  foot  of  the  whole  building,  and  the  cost  (excluding 
that  of  land)  from  2\d,  to  3//.  per  cubic  foot,  this  being  one-seventh 
to  one-ninth  of  the  total  cost  of  the  building  fully  equipped  with 
heating,  electric  lifts  and  lighting,  and  all  fixtures  ready  for  tenants. 
It  is  of  the  utmost  importance  that  the  true  purpose  of  a  building 
should  be  known  to  the  designer,  because  if  merchandise  or  machinery 
have  to  be  supported,  the  weight  on  each  square  foot  of  floor  area  may 
rapidly  rise  to  200  lbs.  There  is  no  difficulty  in  providing  for  such 
loads,  or  heavier  ones,  but  the  strength  of  the  whole  structure  and  its 
foundations  must  be  increased  accordingly. 

In  England,  about  the  year  i860,  segmental  bars  (Figs.  304,  305) 
were  riveted  together  as  iron  columns  or  screw-piles,  and  since  that 
time  the  ribbed  form  so  obtained  has  proved  effective  in  giving  sta- 
bility to  columns  of  moderate  diameter  and  stiffening  them  against 
concussion.  These  same  segmental  bars  were  occasionally  riveted 
together  (Fig.  306)  to  form  a  stiff"  deck  for  railway  bridges,  the 
corrugated  floor  so  obtained  being  in  some  cases  strengthened  by 
trussing-rods.  This  method  has,  however,  been  elaborated  and 
superseded  by  a  special  kind  of  steel  corrugated  plates  of  fluted 
or  trough  shape.  The  wrought-iron  segmental  columns  above 
described  were,  soon  after  their  introduction  in  England,  more 
extensively  used  in  the  United  States  under  the  name  of  the 
Phoenixville  column,  and  were  applied  to  vertical  columns  for  the 
piers  of  bridges  as  well  also  as  compression  members  in  girders. 

However,  until  about  the  year  1870  columns  and  stanchions 
were  almost  always  made  of  cast  iron,  for  three  principal  reasons : 
first,  the  cheapness  of  the  material;  secondly,  the  facility  with 
which  the  desired  shape — especially  the  cylindrical,  which  gives 
the  greatest  strength — may  be  obtained  by  casting  the  metal  in  a 
mould  ;  and  thirdly,  the  strength  of  cast  iron  under  compressive  loads. 
The  belief  (borne  out  by  experience  and  experiments  of  recent  years) 
that  cast-iron  columns  resist  the  fire  as  well  as  or  even  better  than 
those  made  of  wrought  iron,  was  an  additional  reason  in  their  favour. 
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Where  architectural  or  highly  ornamental  forms  are  required,  or 
where  irregular  shapes,  projections,  or  connections  are  needed,  cast 
iron  may  still  be  deemed  the  most  convenient.  Tl'.e  combined  advan- 
tages it  affords  cannot,  however,  prevail  against  rolled  steel  (or  even 
wrought  iron)  where  the  design  is  simple,  and  where  the  choice  is 
determined  by  uiilitarian  reasons  only.  The  strength  of  cast  iron  is 
not  so  great  as  either  of  these  wrought  materials,  for  although  it  has 
a  greater  resistance  to  direct  or  pure  compression,  the  modulus  of 
elasticity,  which  in  columns  is  a  matter  of  importance,  is  only  half. 
Moreover  a  higher  factor  of  safety  is  required  in  cast  iron  than  in 
steel,  to  allow  for  the  risk  of  faulty  castings.  Although  rolled  steel 
is  only  about  10  per  cent,  stronger  than  wrought  iron  Mhen  so 
applied,  it  is  as  cheap  per  ton,  and  it  affords  the  great  advantage 
of  easier  manipulation. 

The  modern  introduction  of  cheap  Bessemer  steel,  and  the  great 
advantages  it  affords  in  withstanding  compressive  as  well  as  tensile 
stresses,  revived  and  extended  the  use  of  segmental  columns,  and  led 
the  way  to  a  much  wider  application  of  the  same  principle  of  >truts  and 
columns  composed  of  bars  riveted  together.  Figs.  307-318  (a  to  m) 
show  some  of  the  more  usual  forms.  Commencing  with  the  smaller 
sections,  a  and  b,  it  will  be  seen  that  L  bars  or  T  bars  riveted  back 
to  back  form  effective  stanchions,  not  unlike  those  previously  and 
still  frequently  made  of  cast  iron.  In  these  stanchions,  although  the 
steel  is  not  disposed  so  economically  for  resisting  the  vertical  and 
transverse  stresses  that  m.ay  come  upon  them  as  are  hollow  cylin- 
drical columns,  they  have  the  advantage  of  accessibility  for  painting, 
while  a  hollow  column  has  its  inner  surface  liable  to  waste  by  corro- 
sion unless  made  perfectly  air-light  by  caulking  or  by  being  filled 
with  concrete.  More  elaborate  shapes  become  necessary  when 
columns  are  required  of  considerable  length  or  for  sustaining  heavy 
loads.  The  cylindrical  form  is  not  available  in  rolled  iron  or  steel, 
except  on  a  moderate  scale.  Tubes  or  pipes  can  be  drawn,  or 
welded  or  riveted,  but  there  are  limits  to  the  thickness  and  diameter 
of  such  pipes,  and  they  are  not  convenient  for  the  attachment  of 
bases,  brackets,  or  capitals.  These  conveniences  are,  however,  obtain- 
able with  more  or  less  facility  from  all  the  forms  shown  here,  where 
it  is  endeavoured  to  distribute  the  material  symmetrically  round  a 
central  axis.  Sections  c  d  h  j  resemble  those  common  in  hori- 
zontal girders,  and  in  these  trough  or  box  shapes,  as  well  as  those 
of  the  X  type  (Figs,  a  and  b),  it  will  be  seen  that  the  separate  bars 
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are  those  which  are  commonly  used  for  other  structural  purposes, 
and  are  therefore  cheaply  obtainable  and  easily  riveted.  Steel 
columns  of  this  kind  are  rapidly  superseding  cast-iron  in  the  con- 
struction of  factories,  foundries,  ironworks,  and  other  buildings  liable 
to  rough  usage.  Sections  l  and  m  are  conveniently  applied  in  the 
basements  and  lower  floors  of  buildings  for  sustaining  concentrated 
loads  from  girders  or  the  brick  walls  of  upper  floors. 

When  heavy  or  concentrated  loads  have  to  be  sustained  in  cases 
where  failure  would  be  disastrous,  these  riveted  steel  columns  are 
specially  useful,  and  particularly  also,  where  by  contiguity  to  railway 
traffic  or  the  movement  of  heavy  merchandise,  the  structure  may 
be  exposed  to  concussions.  Great  ingenuity  has  been  shown  and 
experience  gained  in  the  designing  of  these  riveted  columns  and 
stancheons  both  in  Europe  and  America,  and  of  their  combination 
with  girders  and  rolled  beams  to  make  complete  metallic  structures 
as  referred  to  in  the  preceding  pages.  The  various  parts  should  be 
arranged  so  as  to  allow  of  machine  riveting,  and  after  the  columns 
are  riveted  they  should  be  faced  in  a  Jathe,  or  planing  machine,  so 
that  when  built  into  tiers  they  may  abut  properly  and  transmit  fairly 
the  loads  imposed  on  them.  The  bed-plates,  and  any  other  parts 
that  may  interpose  between  the  upper  tiers  and  the  foundations, 
should  receive  the  same  attention,  and  the  fastenings  should  fit 
tightly.  Without  such  precautions  the  advantages  which  these 
columns  afford  will  be  neutralised,  and  the  structures  of  which 
they  form  part  will,  when  subjected  to  moving  loads,  to  wind  pres- 
sure, or  to  expansion  by  fire,  be  liable  to  failure.  The  columns 
should  either  be  encased  in  concrete  or  brickwork  which  will 
effectually  shield  them  from  the  air  and  prevent  oxidation,  or,  if 
the  steel- work  be  exposed,  it  should  be  accessible  for  periodical 
scraping  and  painting.  The  liability  to  rust  depends  'greatly  on 
climate,  and  although  it  has  not,  in  iron  and  steel  structures,  re- 
ceived all  the  attention  it  deserves,  it  has  been  incidentallv  met 
by  the  somewhat  similar  precautions  for  shielding  steel  structures 
from  lire. 

Before  leaving  the  question  of  riveted  steel  columns,  it  may  be 
mentioned  as  analogous  that  the  same  principle  of  utilising  an  elastic- 
material  like  wrought  iron,  in  forms  as  near  the  cylindrical  as  pos- 
sible, was  recognised  many  years  before  the  variety  of  rolled  sections 
now  available  rendered  its  application  possible.  Thus,  box  sections 
were  used  in  the  Britannia  tubular  bridge ;  and,  in  the  earlier  railway 
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bridges,  designed  by  Brunei  about  the  years  1840-50,  such  shapes 
(Figs.  319,  320)  were  used  in  wrought  iron  as  the  compression 
members  of  girders,  and  many  of  these  were  still  in  use  in  1898. 
These  peculiar  shapes  were  not,  however,  widely  adopted,  and  the  less 
symmetrical  but  the  more  easily  constructed  trough  and  box  sections, 
composed  of  plates,  angles  and  tees,  have  been  preferred  ever  since. 

The  strength  and  lightness  which  rolled  steel  affords  has  been 
well  exemplified  in  its  application  to  Lofty  Towers,  where  the  question 
of  wind  pressure  is  of  greater  importance  than  in  the  case  of  buildings 
having  a  base  wide  in  proportion  to  their  height.  In  such  lofty 
structures  the  surf-ice  exposed  to  the  wind  can  be  minimised  by 
leaving  the  steel  skeleton-framing  open.  Even  before  the  time  when 
suitable  steel  was  available,  combinations  of  cast-iron  columns  with 
wrought-iron  bracing  had  been  successfully  applied  to  lighthouses. 

In  all  structures  exposed  to  the  wind  and  the  waves  it  is  best  to 
avoid  the  shocks  by  exposmg  as  little  surface  as  possible  to  their 
direct  action,  and  while  in  masonry  towers  this  is  done  by  having  a 
smooth  circular  shaft  with  no  angles  or  corners  opposed  to  the 
wind  and  waves,  in  a  tower  made  of  steel  columns  the  same  result 
is  attained,  sometimes  by  adopting  the  shape  of  a  masonry  tower 
with  a  smooth  outside  of  iron  plates,  but  more  often  by  having  an 
open  network  through  which  the  wind  and  waves  can  pass  ;  stability 
being  assured  by  the  disposition  of  the  supports,  and  the  arrange- 
ment of  the  bracing ;  in  this  respect  the  principle  followed  for  a  light- 
house being  similar  to  that  in  an  iron  landing-pier. 

The  numerous  iron  lighthouses  that  have  been  built  may  be 
divided  into  three  principal  types.  The  first  is  that  resembling  a 
stone  tower  by  having  its  full  diameter  enclosed,  this  being  some- 
times adopted  because  of  its  supposed  more  pleasing  appearance,  or 
to  afford  space  within  for  living  rooms.  It  is,  however,  more  expen- 
sive than  other  kinds,  and  is  seldom  adopted.  The  second  type  is 
that  of  a  central  shaft  or  column  containing  a  spiral  staircase,  and 
round  which  are  arranged  a  series  of  exterior  columns  of  small 
diameter  strongly  attaciicd  to  the  central  one  at  each  tier  by  hori- 
zontal bracing,  and  continuously  from  top  to  bottom  by  diagonal 
bracing.  Towers  of  this  kind  have  in  plan  the  form  of  a  polygon, 
the  diameter  of  which  ranges  from  10  ft.  to  20  ft.  according  to  the 
diameter  of  the  lantern.  Towers  such  as  these,  suitable  for  lights  of 
the  first  three  orders,  would  cost  about  ;^7oo  to  ;^iooo  if  made 
50  ft.  high,  and  weigh  about  40  tons  for  transport;  from  ^^iioo  to 
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;^i300  for  a  height  of  60  ft,  with  a  weight  of  50  to  60  tons ;  from 
;;^i8oo  to  ^2000  for  a  height  of  100  ft,  with  a  weight  of  about  70  to 
100  tons;  and  about  ^^4000  for  a  tower  150  ft  high,  with  a  weight 
of  about  150  tons.  But  while  these  prices  and  weights  may  ap- 
proximately represent  what  is  necessary  for  the  respective  heights 
above  the  ground  level,  yet  if,  because  of  the  loose  nature  of  the 
ground,  a  wide  base  is  necessary  or  screw-piles  and  other  iron- work 
are  required  below,  the  weight  and  cost  of  the  tower  would  then  be 
increased  according  to  the  depth  and  extent  of  the  foundations.  The 
third  type  of  iron  tower  (Fig.  322)  is  that  of  a  central  column  with 
only  three  outer  columns  connected  occasionally  by  horizontal  brac- 
ing to  the  centre.  Such  towers,  40  ft  to  80  ft  high,  cost  from  J[,^ 
to  ^10  per  foot  of  height,  the  rate  increasing  with  the  height 

The  erection  of  the  Eiffel  Tower  for  the  Paris  Exhibition  of  1889 
was  a  new  departure  in  iron  and  steel  construction  which  has  been 
followed  by  other  buildings  of  a  similar  kind  but  on  a  smaller  scale. 
The  weight  per  foot  of  elevation  in  such  buildings  obviously  increases 
with  the  height,  as  the  load  to  be  carried  on  the  lower  stages  becomes 
greater,  as  also  do  the  width  of  base  and  strength  of  the  foundations. 
The  metallic  work  in  the  Eiffel  Tower,  1000  ft  high,  with  an  extreme 
width  at  the  base  of  380  ft,  weighed  5,200  tons  for  the  framework  of 
the  tower  proper,  but  the  total  weight  including  staircases,  hfts,  and 
other  subsidiary  work  was  6,800  tons.  The  Blackpool  tower,  erected 
in  1894,  is  500  ft  high,  and  the  net  weight  of  steel  and  iron  was 
about  1,700  tons,  or  2,400  tons  in  all.  The  New  Brighton  (Liver- 
pool) tower,  erected  in  1897,  is  520  ft  high,  114  ft.  wide  at  the  base, 
and  weighs  1760  tons.  The  cost  of  such  steel  structures,  when  the 
price  of  steel  bars  and  plates  is  J[;]  per  ton,  is  about  ^^15  per  ton,  to 
which  must  be  added  from  ;^4  to  jT^d  per  ton  for  erection.  There  is 
no  difficulty  in  designing  stable  buildings  of  this  kind  if  a  firm  founda- 
tion of  sufficient  area  is  constructed,  and  the  anchorage  to  it  of  the 
steel-work  be  suitably  arranged.  The  cost  of  such  foundation  depends 
greatly  on  the  nature  of  the  ground,  and  according  to  such  circum- 
stances the  outlay  for  it  will  have  a  proportion  to  that  of  the  super- 
structure of  from  15  to  30  per  cent  There  has  also  to  be  provided 
for  the  accessories  of  floors,  pavilions,  staircases,  lifts,  electric  light 
ing,  &c.,  a  further  addition  of  from  10  to  25  per  cent  There  is  a 
risk  of  fire  from  wooden  pavilions,  but  these  structures  should  be  too 
slight  to  burn  long  enough  to  heut  the  steel-work  to  a  dangerous 
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Iron  Roofs  have  to  be  considered  separately,  as  their  design  is 
generally  distinct  from  that  of  the  building  which  they  cover,  and 
which,  in  many  cases,  is  constructed  of  brickwork  or  masonry.  As 
roofs  have  to  span  between  walls  or  columns  wide  apart,  lightness  is 
of  importance,  and  this  was  obtained  by  using  timber  till  the  stronger 
and  lighter  materials  of  iron  and  steel  became  available.  Whatever 
be  the  form  adopted — the  arch  pressing  against  abutments,  the  tied 
arch,  or  the  truss,  the  ribs  or  chief  members  are  known  as  roof 
"principals."  On  these  rest  the  longitudinal  beams  or  purlines, 
which  in  their  turn  support  the  local  framework  on  which  the 
covering  material  is  laid,  and  to  which  it  is  attached. 

Where  abutments  cannot  be  conveniently  provided  and  where  it 
is  desired  to  avoid  tie-rods  or  trussing  as  unsightly,  the  arched  from 
may  be  obtained  by  constructing  the  roof  as  a  dome  in  which  the 
thrust  of  the  ribs  is  taken  by  a  horizontal  ring  upon  the  walls,,  and  if 
it  be  desired  to  have  the  centre  of  the  roof  raised  for  purposes  of 
ventilation,  the  main  ribs  can  be  attached  to  an  upper  central  ring 
which  forms  a  horizontal  tie  like  the  lower  and  larger  ring  to  which  the 
ribs  are  attached  at  their  springing.  Dome  roofs  as  here  described 
may  be  arranged  on  a  rectangular,  circular,  elliptical  or  polygonal 
plan.  The  roof,  elliptical  in  plan,  over  the  Royal  Albert  Hall, 
London,  is  a  notable  example  of  a  domed  structure. 

Roofs  of  large  span  exceeding  loo  ft  need  special  designs,  and 
some  of  the  modern  roofs  over  railway  stations  or  exhibition  halls 
afford  conspicuous  examples.  Where  the  weight  of  such  roofs  is 
concentrated  on  lofty  columns,  care  is  necessary  to  avoid  a  clumsy 
or  too  heavy  an  appearance.  The  great  strength  against  compres- 
sion which  cast-iron  columns  possess  on  account  of  their  cylindrical 
section  can  be  fully  utilised  only  when  the  loading  strain  passes 
symmetrically  through  the  axis  of  the  column.  Where  the  load  is 
transmitted  to  the  column  by  side  brackets  or  where  the  load  is 
imposed  by  girders  or  roofs  of  large  span  exposed  to  side  movements 
by  wind  or  changes  of  temperature,  a  column  fixed  solidly  at  top 
and  bottom  does  not  serve  to  the  best  advantage.  It  becomes 
necessary  in  such  cases  to  increase  the  thickness  of  the  metal  or  the 
diameter  of  the  column,  although  it  is  not  always  right  to  increase 
the  diameter  because  in  some  cases  the  strains  are  thereby  increased. 
In  many  notable  structures  built  since  1870,  great  ingenuity  has 
been  displayed  in  bringing  compressive  stresses  to  a  hinged  point  or 
pivot  so  as  to  ensure  that  the  pressure  shall  pass  through  the  axis. 
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Thus  the  ornamental  columns  supporting  the  bridges  of  the  Metro- 
politan Railway,  Berlin,  are  pivoted  top  and  bottom  A  column  so 
hinged  may  be  said  to  resemble  in  some  measure  the  slanting  jib  of 
a  crane,  the  jib  being  so  designed  that  whatever  its  angle  from  the 
perpendicular,  the  stresses  caused  by  the  load  are  passing  fairly 
through  it.  In  the  Machinery  Hall  at  the  Paris  Exhibition  of  1889, 
A  the  roof  principals  of  375  ft.  span  (Fig.  323),  were  pivoted  (b)  where 
they  rested  on  the  ground,  and  also  (c)  at  the  crown.  Arched  bridges 
offer  an  analogous  example  when,  as  is  sometimes  the  case,  they  are 
similarly  pivoted.  The  large  spans  of  the  Chicago  Exhibition  build- 
ing were  treated  in  this  way.  A  still  more  complete  articulation  was 
effected  in  the  Olympia  building  (Fig.  324),  erected  in  London  in 
1884-6.  Here  cast-iron  columns  of  moderate  diameter  could  be 
safely  used  for  carrying  the  concentrated  loads  of  large  arched  roof 
principals,  because  the  stresses  passing  through  them  converged  at 
top  and  bottom  to  a  ball-and-socket  hinge  (Fig.  325),  while,  in  the 
absence  of  side  walls  or  buttresses,  artificial  abutments  had  to  be 
made  of  steel  framing  embedded  in  concrete  below  the  floor. 

Where  an  iron  roof  has  to  be  fixed  on  a  building  of  brick  or  stone, 
continuous  side  walls  generally  allow  the  roof  framing  to  be  arranged 
in  the  most  advantageous  manner  without  regard  to  the  supports. 
But  in  an  iron  building  the  positions  of  the  columns  have  first  to  be 
considered.  Thus  columns  8  ft.  high  may  be  placed  as  near 
together  as  10  ft,  for  they  may  be  made  slender  because  numerous, 
and  still  be  strong  enough  for  the  moderate  height  and  weight  But 
columns  20  ft  high  would  have  to  be  stronger,  and  therefore  it  is 
economical  to  place  them  farther  apart,  so  as  to  load  them  with  a 
greater  share  of  roofing.  In  the  first  case  (Fig.  326),  a  roof  principal 
might  be  placed  over  each  column,  but  in  the  second  (Fig.  327),  as  the 
spacing  of  these  principals  is  determined  by  other  reasons  than  those 
by  which  the  columns  are  spaced — namely,  by  the  span,  the  system 
of  principal,  and  the  kind  of  covering  material — economical  construc- 
tion may  require  that  one  or  more  principals  be  placed  between  each 
column,  and  to  carry  them,  girders  or  arches  must  bridge  the  space 
between  the  columns.  Sometimes  a  space  as  free  as  possible  is 
wanted  below,  or  numerous  doors  or  windows,  which  hinder  the 
placing  of  the  columns ;  the  latter  may  then  be  placed  so  far  apart 
as  to  make  the  girders  an  important  part  of  the  building.  Of  course, 
the  further  apart  the  supports,  the  more  care  must  there  be  to 
afford   the    lequisiie    stability   to   those   on   which   the   loading   is 
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concentrated.  In  wide  buildings  where  intermediate  columns  or 
walls  are  undesirable,  roof  principals  of  great  span — which  would 
have  to  be  lofty — may  be  avoided  by  supporting  the  roof  framing 
on  long  girders  placed  30  ft.  or  40  ft.  apart,  the  roof  principals  being 
of  these  short  spans. 

The  choice  between  the  many  different  kinds  of  roofs  depends  on 
almost  as  many  and  varied  considerations  as  does  the  choice  of 
bridges,  the  importance  of  choosing  or  making  a  soitible  design 
increasing  with  the  span.  The  main  supports  or  principals  are 
generally  trusses  or  girders  of  some  sort,  and  in  most  cases  the 
trusses  terminate  in  points  of  attachment  to  their  suppoits,  which 
may  be  columns,  walls  or  girders.  Where  the  trusses  rest  in  this  way 
on  columns,  the  latter  need  some  anchorage  to  the  ground  ;  but  by 
giving  a  wider  junction  with  the  columns  (Fig.  333)  the  structure  is 
more  independent  of  holding-down  bolts.  The  loftiness  of  a  build- 
ing, its  liability  to  strong  winds  or  to  unequal  snow  loads,  assist  in 
determining  the  design  in  regard  to  these  points. 

A  preference  between  forms  equally  appropriate  in  all  other  re- 
spects may  depend  upon  the  shape  given  to  the  ends  of  the  building, 
gabled  a  or  sloped  b  (hipped).  Thus,  what  are  known  as  English 
roofs  (Fig.  331)  generally  allow  of  hip  connections  better  than  French 
roofs  (Fig.  332).  The  angle  of  slope  of  the  roof  is  determined  not 
only  by  the  depth  and  strength  of  the  principals  or  girders,  but  by 
the  kind  of  covering,  the  severity  of  the  rainfall,  the  necessity  of 
preventing  leakage,  and  by  the  direction  and  force  of  the  wind 

Occasionally,  strong  walls,  side  buildings  or  galleries  form  abut- 
ments which  favour  the  use  of  arched  roofs,  or  the  latter  may  be 
preferred  even  without  these  facilities  for  asstheiic  reasons.  Where 
there  are  no  abutments,  and  an  arched  form  without  trussing  is 
desired,  the  outward  thrust  may  be  withheld  Ly  a  horizontal  tie,  or 
by  allowing  the  arch  to  spring  from  the  ground.  In  the  first  case 
the  tie-rod  is  suspended  from  the  arch  by  one  or  more  light  rods 
which  have  to  sustain  only  the  weight  of  the  horizontal  tie.  In  the 
roof  over  the  terminal  station  of  the  Midland  Railway  in  London, 
240  feet  span,  the  iron  floor  of  the  station  serves  as  the  tie.  In  the 
second  case  referred  to  above,  the  arches  may  be  brought  right  down 
to  the  ground  (Fig.  342)  and  attached  to  strong  feet  or  bed-plates,  this 
plan  being  suitable  for  buildings  without  galleries  or  upper  floors.  As 
iron  and  steel  are  specially  suited  to  resist  transverse  strains,  the  strict 
rules  by  which  stone  arches  are  designed,  and  by  which  all  possible 
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lines  of  pressure  must  be  contained  within  the  structure,  may  be  dis- 
regarded, although,  of  course,  the  stresses  must  be  met  by  sufficient 
material.  By  this  means  arched  roofs  which  in  effect  spring  from  the 
ground,  may  be  so  designed  as  to  afford  a  greater  headway  at  the 
springing  than  a  pure  arch  would  allow. 

The  disposition  of  the  purlines  and  other  subsidiary  parts  of  roof 
framing  is  to  some  extent  determined  by  the  nature  of  the  Covering 
material.  Copper,  zinc,  lead,  galvanised  iron,  w^ood,  felt,  tiles,  slates 
and  glass  are  all  available,  the  choice  depending  mainly  on  climate 
and  the  desire  for  cheapness.  In  climates  where  extreme  heat  or 
cold  has  to  be  provided  against,  thick  thatch  is  in  many  cases  con- 
sidered the  best  non-conductor,  but  in  a  modern  iron  roof,  the  same 
result  is  better  obtained  by  a  double  covering,  i.e.  by  an  inner  lining 
of  boarding  laid  with  an  air  space  of  about  3  inches  between  it  and 
the  outer  covering. 

Copper  is  the  best  metallic  covering,  for  it  is  light,  and,  not  being 
liable  to  rust,  permanent.  Roofing  sheets  weigh  from  i  to  i|  lb. 
per  square  foot,  and  vary  in  cost  considerably,  not  only  according  to 
the  current  price  of  ingot  copper,  but,  when  laid  in  place,  according 
to  the  amount  of  cutting  and  fitting  required.  The  sheets  are  laid 
on  boarding  with  wood  rolls  about  2  ft.  apart,  and  as  boarding  re- 
quires supports  every  2  ft.  to  4  ft.,  the  roof  framing  must  be  arranged 
acconlingly.  From  14^.  to  i8i.  per  square  foot  will  irxlude  the 
general  cost  of  copper  roofing,  including  the  woodwork  and  the  cost 
of  laying.  The  use  of  copper  is  encouraged  when  the  metal  is  cheap, 
but  even  at  its  lowest  price  the  expense  is  generally  prohibitory. 
Notwithstanding  its  cost  it  is  often  advisable,  even  in  buildings 
covered  with  cheaper  materials,  to  use  copper  for  the  domes  or 
pinnacles  inconveniently  situated  for  repairs  and  renewals. 

Zinc^  when  of  pure  quality,  though  not  so  durable  as  copper,  lasts 
a  long  time,  for  although  the  surface  oxidises  it  does  not  scale  off, 
but  forms  a  coating  which  protects  the  metal  for  a  considerable 
period  from  further  decay.  Arranged  with  rolls  like  copper,  the 
sheets  may  rest  on  the  roof  framing.  It  is,  however,  best,  though  not 
essential,  to  lay  the  rolls  on  continuous  boarding.  Zinc  roofing 
sheets  are  generally  of  a  thickness  weighing  about  i^  lb.  per  square 
foot,  and  the  cost,  when  laid,  is  generally  about  half  that  of  copper. 

L'ad  is  the  most  durable  of  all  metals  for  roof  covering,  but  its 
weight  and  cost  generally  forbid  its  use  on  sloping  roofs  when  other 
and  cheaper  materials  are  available.     Lead  has  much  less  tensile 
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Strength  than  either  copper  or  zinc,  and  the  sheeting  suitable  for 
roofs  should  be  of  a  thickness  giving  about  6  lbs.  per  square  foot. 
Therefore,  though  it  costs  only  about  two-thirds  the  price  per  ton  of 
zinc,  it  is  dearer  to  use  it,  while  the  extreme  ductility  of  lead  renders 
a  strong  and  close  support  of  boarding  necessary.  Lead  is  most 
frequently  applied  for  flat  surfaces. 

Galvanised  iron^  the  name  given  lo  iron  sheets  coated  with  zinc,  is, 
when  corrugated,  more  used  for  roofs  than  any  other  metallic  cover- 
ing. The  sheets  will  last  as  long  as  the  zinc  coating,  this  dependmg 
not  only  on  the  quality  of  the  zinc  (spelter)  but  also  on  that  of  the  iron. 
Although  good  sheets  will  last  a  long  time  in  pure  air,  yet  in  the 
vitiated  atmosphere  of  large  towns,  or  wherever  they  are  subjected  to 
gas  fumes,  even  good  galvanised  sheets  rapidly  deteriorate,  the 
durability  then  depending  on  the  care  and  regularity  with  which  they 
are  painted.  The  great  tensile  strength  of  rolled  iron  sheets,  and  the 
stiffness  which  corrugation  gives,  allow  their  use  for  roof  covering, 
without  the  support  of  boarding,  the  sheets  serving  also  to  brace  the 
framework  together.  Indeed,  small  spaces  up  to  20  ft,  or  sometimes 
even  30  ft,  are  covered  with  corrugated  sheets  bent  and  tied  at  the 
caves  without  any  framework. 

The  thickness  of  galvanised  sheets  is  denoted  by  the  number  of 
the  Birmingham  wire  gauge  (B.W.G.),  the  thinner  sheets  having  the 
higher  numbers.  Thus,  corrugateti  sheets  of  No.  18  gauge  weigh 
about  2 '8  lbs.  per  square  foot,  No.  20  gauge  2*24  lbs.  per  foot, 
No.  22  giuge  I  "85  lbs.  per  foot,  and  No.  24  gauge  i'5  lbs.  per  foot 
In  England  it  is  customary  to  use,  for  good  work,  sheets  of  No.  18  or 
even  No  16  B.W.G.,  but  for  export,  sheets  of  Nos.  22,  24,  and  even 
26  are  more  usual.  In  pure  air  these  are  long  enduring  if  the  quality 
be  good,  and  full  advantage  may  be  taken  of  the  greai  strength 
afforded  even  by  thin  iron  when  corrugated.  But  these  thinner 
sheets  are  easily  pierced,  a  surface  crack  or  scratch  of  the  zinc  allows 
the  commencement  of  rust,  the  crack  grows  into  a  serious  rent  and 
the  sheets  become  worthless.  But  in  regard  to  endurance  against 
rust,  good  iron  well  galvanised  will  last  longer  than  thicker  sheets  of 
in  erior  quality.  In  estimating  the  durability  and  cost  of  maintenance, 
it  must  be  remembered  that  while  copper,  zinc  and  lead  have,  when 
worn  out,  a  value  as  old  material,  old  galvanised  iron  is  valueless. 

Except  in  wooden  buildings,  generally  for  temporary  purposes, 
wood  is  seldom  used  as  an  outer  covering,  although,  in  dry  cold 
climates,  it  is  long  enduring.     Sometimes  instead  of  boards  the  wood 
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is  cut  into  slabs  or  squares,  known  as  Shingles^  and  laid  so  as  to  over- 
lap in  the  manner  of  slating.  But  though  wood  alone  can  seldom  be 
deemed  permanent,  it  is  invaluable  as  an  inner  lining,  where  it  not 
only  strengthens  the  roof,  but  increases  its  efficiency  against  heat, 
cold,  rain  and  snow. 

Hair  felt,  tarred,  is  very  durable  when  well  laid  on  boarding  and 
sprinkled  with  sand  ;  but  it  is  not  strong  against  abrasion,  and  is  only 
used  for  temporary  purposes  because  of  its  cheapness.  It  costs  about 
id.  per  square  foot.  A  peculiar  kind  of  felted  paper  boarding  is  used 
in  the  same  way.  When  an  outer  covering  material  of  any  kind  is 
laid  upon  boarding,  felt  is  extremely  useful  as  an  intermediate  layer 
on  which  to  bed  the  material,  and  it  then  serves  to  exclude  damp 
and  sound. 

Tiles  are  generally  laid  on  boarding,  and  though  seldom  used  as 
covering  because  of  their  weight,  they  are  sometimes  preferred  on 
account  of  their  pleasing  colour  or  because  they  are  better  non- 
conductors of  heat  than  slates  or  metallic  sheeting.  Where  for  the 
latter  reason  they  are  used  in  extreme  climates,  they  can  either  be 
laid  on  boarding  with  or  without  felt  between,  or  directly  on  L  steel 
laths,  i^ith  or  without  an  inner  covering  of  boards  with  an  interme- 
diate air  space.  Tiles  are  made  lighter  than  formerly,  and  arc  inge- 
niously designed  to  lay  and  overlap  properly.  One  thousand  of  such 
tiles  weigh  about  2 J  tons,  and  cost  about  ;^6,  one  "  square "  of 
roofing  requiring  115  tiles. 

Slates  are  nearly  as  durable  as  tiles,  with  much  less  weight,  and 
are  probably  more  used  in  England  for  roof  covering  than  all  other 
materials  put  together,  because  ihey  are  obtainable  in  the  country 
and  transported  at  moderate  cost.  Roofing  slates  vary  in  size  and 
thickness,  those  of  large  size  being  placed  on  wooden  battens,  and 
smaller  ones  on  wooden  laths,  a  close  supporting  framework  being 
in  either  case  necessary.  When  so  laid,  they  afford  little  protection 
against  heat  or  cold,  and  even  when  the  joints  are  covered  inside  by 
mortar,  the  wind  will  often  penetrate  through  the  crevices.  Foi 
these  reasons  it  is  best  to  lay  the  slates  on  boarding,  and  even  to 
bed  them  on  felt.  In  England,  slating  laid  in  place  costs  from 
jQi  \os,  to  jQi  per  square,  exclusive  of  boarding.  In  climates  un- 
suitable to  wood,  the  slates  can  be  laid  on  steel  laths  as  described 
above  for  tiles. 

Ventilation  has  also  to  be  considered,  for  if  large  openings  are 
needed,  shapes  which  would  otherwise  be  suitable  may  need  raodi- 
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iication.  Ventilation  is  generally  provided  at  the  top  of  the  roof  by 
raised  lanterns  or  domes,  but  openings  in  the  purlines  are  sometimes 
convenient  or  necessary.  Roof  principals  with  curved  or  polygonal 
rafters  are  well  suited  to  this  arrangement  Openings  may  be  also 
made  under  the  eaves  in  the  girders  or  spandrils  which  support  the 
roof.  Proper  ventilation  depends  partly  on  the  lower  openings ; 
and  doors,  windows  or  special  air  gratings  may  have  to  be  provided 
at  a  low  level  to  ensure  an  upward  draught,  while,  as  against  extreme 
heat  and  cold,  the  double  covering  already  mentioned  for  the  roof, 
may  be  used  for  the  walls  also,  the  intermediate  space  being  filled  in 
wiih  light  concrete  or  other  non-conducting  material. 

I'he  manner  of  Lighting  depends  mainly  on  the  purpose  of  the 
building  and  on  the  climate.  Certain  manufacturing  trades  require 
the  maximum  of  light,  and  sometimes,  therefore,  buildings  are 
erected  with  a  particular  aspect,  and  with  roofs  of  irregular  form,  a 
northern  light  being  generally  preferred.  The  long  side  of  the  roof 
may  be  covered  without  any  glazing,  and  the  steep  side  may  be 
partly  (a  to  b)  lighted  by  glass  louvre-blades  easily  fixed  or  replaced, 
and  the  upper  part  b  c  left  open  for  ventilation,  but  shielded  by  a 
projecting  hood.  A  series  of  such  spans  supported  on  girders,  or  on 
columns  or  walls  and  known  as  saw-shaped  roofs,  may  be  conveniently 
arranged  in  the  rooting  of  a  large  factory,  and  the  horizontal  tie  of 
each  principal  may  be  made  sufficiently  strong  as  a  girder  to  carry 
lines  of  shafting.  In  large  or  lofiy  roofs  accessibility  for  painting 
and  repairs  is  an  important  point ;  for  the  expense  of  maintenance 
may  be  considerably  reduced  if  convenient  access  is  left  for  replacing 
broken  glass  or  for  painting.  Unless  roof  structures  are  periodically 
examined  and  painted,  they  will  rapidly  deteriorate  by  rust,  especially 
in  a  damp  climate,  or  in  places  exposed  to  a  vitiated  atmosphere.  A 
valley-gutter  between  each  ridge  forms  a  pathway.  An  iron  ladder, 
curved  or  sloped  to  the  profile  of  the  roof,  may  be  mounted  on 
wheels  to  run  on  rails  laid  at  the  lower  end  on  the  walls  or  eave 
girders,  and  at  the  top  on  an  upper  purlme,  so  that  as  the  ladder 
travels  along  the  roof  it  may  give  access  to  every  part  of  the  cover- 
ing. The  **  ridge  and  fuirow  "  system  of  roofing  is  convenient  in  the 
access  it  allows  to  every  part  of  the  covering.  According  to  this  plan, 
the  purlines  which  rest  on  and  connect  the  main  ribs  support  a  series 
of  small  roofs  with  slopes  at  right  aneles  to  that  of  the  main  roo£ 

When  Glass  is  fixed  on  an  iron  roof  by  putty,  the  latter  is  apt  to 
become  hard  and  brittle  and  the  glass  being  firmly  attached  is  liable 
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to  crack  when  the  framework  of  the  roof  expands  or  contracts  under 
changes  of  temperature.  The  risk  may  be  diminished  by  so  mixing 
the  putty  that  it  remains  soft,  and  also  by  using  wooden  sash  bars. 
Another  plan  is  to  lay  the  glass  without  putty  on  zinc  or  lead  sash 
bars,  which  are  made  to  fold  over  the  glass  and  keep  out  the  wind 
and  rain,  while  allowing  the  gLss  to  slide  sufficiently  to  prevent 
cracking.  Such  a  system  of  glazing  costs  about  u.  per  square  foot, 
while  ordinary  putty  glazing  costs  from  (yd,  to  9//.  Accessibility  for 
repairs,  which  is  desirable  for  all  kinds  of  roof  covering,  is  especially 
necessary  for  thick  or  heavy  glass.  In  many  modern  roofs  of  large 
span  this  point  has  been  well  considered  ;  in  others  the  neglect  of  it 
is  a  constant  cause  of  expense  and  danger. 

Glass  has  been  cheapened  by  improvements  in  manufacture ;  large 
panes  may  be  obtained  without  inordinate  cost ;  and  there  is  more 
variety  in  kind.  For  export  to  foreign  countries  the  cost  is  greatly 
increased  by  the  risks  of  breakage,  and  so  excessive  sometimes  are 
the  losses  from  this  cause  tliat  twice  the  quantity  needed  according  to 
the  size  of  the  roof  has  to  be  sent  before  sufficient  arrives  in  safety. 
These  losses  arise  for  the  most  part  from  preventable  causes.  In  the 
first  place,  the  glass  must  be  of  good  quality  and  well  annealed ;  and 
only  a  moderate  number  of  panes  placed  together  in  one  wooden  box. 
Two,  or  even  three,  small  boxes  of  glass  thus  packed  may  then 
be  enclosed  in  a  larger  case  with  padding  of  some  sort.  Cases  or 
crates  so  arranged  will  withstand  railway  or  sea  carriage,  if  the  cases 
are  carefully  handled  and  stowed.  The  panes  of  glass  are  arrangeil 
in  the  cases  so  that  they  stand  edgewise,  and  breakages  arise  princi- 
pally from  the  laying  of  cases  so  that  the  panes  are  horizontal,  when 
they  are  not  so  able  to  withstand  shocks,  especially  if  the  panes  are 
of  large  size.  In  the  transport  of  glass,  the  ordinary  instructions  to 
carriers  are  often  insufficient,  nor  will  bills  of  lading  or  marine  insur- 
ance always  cover  breakage.  Special  precautions  should  be  taken  at 
each  place  of  transfer  or  transhipment,  to  see  that  the  cases  are 
carefully  handled  and  properly  stowed. 

The  harm  which  arises  from  undue  economy  in  material  depends 
a  good  deal  on  the  care  with  which  the  structure  is  periodically 
painied.  Wasting  by  rust  necessarily  tells  sooner  on  thin  than  on 
thick  iron.  All  parts  of  an  iron  structure  should  be  accessible  to  the 
painter's  brush,  or  else  be  protected  from  the  air  by  being  built  into 
masonry,  brickwork,  concrete  or  cement  The  protection  obtainable 
by  paint  depends  not  only  on  its  quality,  but  largely  also  on  that  of  the 
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oil  or  Other  medium  by  which  it  is  applied,  as  well  also  as  the  clean- 
ing of  the  surface  before  painting,  and  especially  at  the  periods  of  re- 
painting. Sometimes  cheapness  is  sought  by  using  galvanised  sheet- 
iron  extremely  thin,  and  if  painting  is  neglected  it  soon  decays. 

While  thickness  and  weight  of  parts  afford  one  ready  means  of 
comparing  the  values  of  iron  structures,  the  strength  of  a  building 
depends  also  on  the  skilful  disposition  of  the  parts.  As  an  iron  roof 
is  composed  of  numerous  members,  these  must  be  arranged  so  as  to 
resist  and  transmit  the  stresses  in  the  most  effectual  manner ;  and  if 
one  member  be  weaker  than  another,  the  strength  of  the  others  will 
be  of  little  avail.  It  has  sometimes  happened  that  roofs  have  been 
designed  to  sustain  only  vertical  distributed  loads,  and  if  one-sided 
pressure,  as  from  wind  or  drifted  sno^,  bear  upon  the  roof,  parts 
designed  to  resist  tension  only  may  become  compressed  and  fail. 
The  stability  of  a  roof  therefore  depends  a  good  deal  on  the 
secondary  parts,  such  as  wind-ties  and  bracing,  which  only  come 
into  play  under  exceptional  loadings  or  pressure.  In  other  cases 
heavy  chandeliers  or  other  weights  are  suspended  from  roof  princip>als 
never  designed  for  such  a  service,  or  the  roof  is  used  for  attaching 
chains  and  pulleys  from  which  weighty  articles  are  lifted  as  by  a 
crane.  An  iron  structure  well  designed  in  other  respects  may  be 
defective  in  its  connections,  and  the  strength  of  its  members  rendered 
inoperative  by  the  weakness  or  unskilful  arrangement  of  the  fasten- 
ings. The  connections  should  obviously  be  able  to  transmit  the 
same  stresses  as  do  the  parts  they  join  together.  Screwed  ends  of 
rods  should  not  be  made  so  as  to  reduce  the  effective  sectional  area 
of  the  rods.  Welds  and  awkward  forgings  should  be  avoided,  and 
full  advantage  be  taken  of  the  simple  yet  ingenious  clips  and  attach- 
ments now  available  for  tendering  such  methods  unnecessary. 

Although  the  use  of  Steel  instead  of  Iron  for  roof  framing  seldom 
allows  of  a  saving  in  cost  till  a  span  of  50  ft.  is  exceeded,  the  use 
of  steel  in  some  or  all  of  the  parts  may,  even  for  spans  less  than  50  ft, 
afford  an  extra  strength  beyond  the  extra  cost.  Steel  may  be  used 
also  to  avoid  unduly  large  and  cumbrous  pieces.  Thus  clips,  shoes, 
and  other  parts  of  junction  may  be  made  of  steel,  or  those  where  it 
is  necessary  or  desirable  to  concentrate  heavy  loads  or  stresses. 
Apart  from  questions  of  strength,  a  principal  reason  for  using  steel  in 
preference  to  iron  is  the  greater  length  and  weight  of  pieces  which 
can  be  obtained  at  normal  prices  without  extras.  In  short,  steel  is 
cheaper  than  iron.     Steel  is,  however^  hardly  likely  to  be  adopted  so 
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exclusively  for  roofs  as  for  ships,  bridges  and  boilers,  for  a  roof  is 
more  often  than  a  bridge  composed  of  rods  and  pieces  of  moderate 
size  which  have  to  be  smithed,  and  there  is  a  preference  in  such 
cases  for  good  wrought  iron  over  steel  by  many  engineers  who  fully 
accept  the  general  advantages  of  steel.  When  a  saving  in  weight  is 
of  great  importance,  as  for  distant  carriage  or  to  avoid  import  duties, 
high-quality  material  skilfully  disposed  will  then  repay  an  extra  ex- 
penditure to  obtain  it.  The  importance  of  these  considerations 
increases  with  the  span  and  height  of  a  roof  or  building,  and  especially 
if  it  be  of  peculiar  or  difficult  shape. 

In  a  roof  there  is  generally  a  great  repetition  of  similar  parts,  and 
these  should  be  made  so  exactly  alike  as  to  be  interchangeable.  A 
few  spare  or  duplicate  parts  to  allow  for  loss  or  breakage  will  then  be 
available ;  while,  if  each  piece  will  fit  only  into  its  own  place  the  cost 
and  trouble  of  erection  are  much  increased.  The  quality  of  work- 
manship is  specially  discernible  in  the  connections.  Although  all 
rivets  should  be  perfectly  tight,  there  are  positions  where  bolts  or  pins 
need  fit  only  with  approximate  accuracy;  holding-down  bolts,  for 
instance,  if  they  are  well  screwed  down;  and  such  looseness  may 
even  be  necessary  to  allow  of  adjustment  in  erection.  But  there  are 
other  positions  where  tightness  is  of  the  utmost  importance.  There 
are  places  where  holes  must  be  drilled  and  bolts  turned  with  great 
accuracy,  in  order  to  transmit  properly  the  stresses  passing  through 
them  ;  this  care  being  especially  necessary  where  more  than  one  bolt 
is  in  the  same  connection.  There  may  be  more  trouble  in  erecting 
a  building  with  tight  fastenings,  but  if  the  parts  have  been  properly 
set  out  such  trouble  is  well  bestowed. 

Not  only  fastenings  but  surfaces  must  sometimes  be  fitted  with 
great  accuracy.  Where  iron  comes  in  contact  with  stone  or  concrete, 
the  inequalities  of  surface  may  be  made  good  with  lead,  iron-cement, 
Portland  cement,  or  bitumenised  felt  Wood,  if  joined  to  iron,  will 
adapt  itself  to  the  harder  material ;  but  iron  and  iron  will  not  in 
certain  positions  fit  properly  unless  the  surfaces  are  faced  in  the 
lathe  or  planing-machine.  This,  for  instance,  is  the  case  in  a  tier  of 
columns  for  a  building  with  upper  floors.  Machine  processes  are 
now  so  cheaply  performed  that  the  saving  in  first  cost  by  the  neglect 
of  such  precautions  is  only  trifling. 

After  all  the  conditions  of  stability  have  been  satisfied,  the  value 
of  an  iron  structure  for  any  but  the  barest  utilitarian  purpose  depends 
upon  its  style  or  finish.     Much  of  the  prejudice  against  the  use  of 
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Foundry  ivork. 


iron  arises  from  inelegant  design  or  from  the  coarse  way  in  which  it 

is  carried  out.     An  examination  of  the  iron  structures  in  a  large  city 

will  show  how  great  are  the  differences  in  this  respect.     In  orna- 

Artiat  modellers,    mental  cast  iron,  for  instance,  the  employment  of  an  artist  modeller 

to  make  the  patterns  may  not  add  i  per  cent,  to  the  cost,  and  yet 
afford  a  pleasing  appearance  which  would  otherwise  be  wanting.  And 
in  the  processes  of  the  iron  foundry,  skill  and  care  are  necessary  10 
produce  good  castings.  Again,  in  the  foliige  of  a  column  capital,  a 
good  design  may  involve  bold  relief  or  "  undercut,"  which  requires 
care  and  expense  in  the  manufacture.  Too  often  such  designs  are 
carried  out  in  a  rude  manner.  Good  patterns  are  the  first  essential, 
then  suitable  pig  iron,  and  finally,  capable  moulders.  Even  where 
drawings  and  specifications  are  obeyed  in  all  other  respects,  the  close 
competition  of  manufacturers  and  the  tendency  to  measure  cheapness 
by  price  alone,  lead  to  the  employment  for  fine  or  difficult  work  of 
workmen  accustomed  only  to  rough  or  simple  castings.  Even  the 
plain  surface  of  a  large  casting  or  the  tapering  shaft  of  a  column 
looks  well  or  ill  according  to  the  skill  in  moulding,  while  column 
capitals  or  light  spandrels  afford  more  conspicuous  opportunities  for 
good  workmanship. 

In  wrought  iron  and  steel,  as  well  as  in  cast  iron,  a  good  appear- 
ance depends  upon  the  neatness  with  which  the  various  plates  and 
bars  are  joined  together,  edges  planed  or  trimmed,  and  rivets  ham- 
mered. The  extra  expense  which  such  care  involves  may  sometimes 
be  saved  in  other  directions  by  skill  in  design  to  avoid  too  numerous 
or  costly  shapes  of  iron,  unnecessary  smithing,  and  complications  in 
the  connections.  Simplicity  in  these  respects  is  generally  best  as 
well  as  cheapest. 


Neatness  in 
finish. 


Pire-proof  Firc-proof  buUdings^  already  alluded  to,  are  generally  made  wholly 

or  in  part  of  iron  or  steel,  but  baildings  so  called  often  fail  in  practice. 
Misapprehension  frequently  arises  from  the  different  uses  of  the  term. 
Iron  and  stone  are  fire-proof  in  the  sense  that  they  are  uninflammable, 
but  they  are  not  proof  against  fire.  That  is  to  say,  a  building  with 
walls  of  brick  or  stone,  columns  of  iron,  floors  of  lollow  bricks  or 
concrete  arches  on  steel  joists,  and  staircases  of  stone,  will  not  itself 
be  combustible.  But  such  a  building,  if  filled  with  combustible  goods, 
or  even  with  much  wood  furniture  or  fittings,  or  if  surrounded  by  in- 
stone  and  marble  flammable  buildings,  may  fail  if  fire  occurs.     Few  kinds  of  stone  or 

marble  will  endure  intense  heat  without  crumbling  away,  and  bricks 
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of  ordinary  clay,  while  they  will  retain  their  strength  at  a  greater 
heat  than  will  iron,  fuse  or  crumble  under  intense  heat ;  though  they 
will  generally  outlast  a  fire  if  the  ironwork  be  protected  Cast  or 
wrought  iron,  subjected  to  the  heat  of  boiling  water  212**  (Fahr.)  loses 
15  per  cent,  of  its  strength,  and  at  the  temperature  of  molten  lead  has 
hardly  any  strength  at  all.  Wood,  if  of  considerable  thickness  is 
under  certain  circumstances  better  than  exposed  iron  to  resist  fire, 
because,  though  combustible,  it  is  a  bad  conductor  of  heat  and  may 
retain  part  of  its  strength  to  the  end,  and  may  outlast  the  surrounding 
fire. 

This,  however,  does  not  imply  that  wood  structures  are  more  fire- 
proof than  well-designed  iron  structures.  A  building  cannot  be 
properly  designed  to  resist  fire  unless  its  purpose  be  known ;  and  if, 
from  the  nature  of  its  contents,  a  fire  occurring  inside  would  subject  it 
to  intense  heat,  then  it  must  be  constructed  more  or  less  like  a  furnace 
to  resist  it.  One  plan  which  minimises  the  effect  of  fire  is  to  localise 
it  by  dividing  a  building  into  numerous  rooms,  separated  by  brick  walls 
and  iron  doors  strong  enough  to  resist  a  fire  in  any  one  chamber  till 
the  combustibles  are  consumed,  but  this  can  only  be  effected  by 
ehher  avoiding  iron  columns  altogether  or  by  protecting  them  with 
some  material  which  will  resist  great  heat.  Steel  columns,  of  the 
kind  shown  on  pages  864,  865,  so  encased  will  retain  their  strength 
and  stability  even  though  surrounded  by  fire. 
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In  regard  to  the  Cost  of  iron  buildings  and  roofs,  there  are  wide   Cost  of  roofs  and 

°  .  °  buildings. 

limits  withm  which  the  price  for  a  structure  of  given  size  may  be        st^page^x^ 

varied  according  to  strength  and  quality.     This  is  the  case  to  some 

extent  even  where  competitive   prices  are  based  upon  a  common 

design  with  prescribed  dimensions  and  thickness  of  parts ;  but  in 

cases  where  merely  the  length,  breadth    and    height  are  given  by 

the  purchaser  and  the  details  are  left  to  the  manufacturer,  the  range 

of  possible  difference  is   greater,  and  discrimination  is  needed  to 

compare  the  real  value  of  what  is  offered,  or  to  decide  which  is 

really  the  cheapest.     A  large  proportion  of  the  iron  buildings  which   How  determined. 

are  made,  especially  those  for  export,  are  for  temporary  use,  or  at 

any  rate  have  cheapness  as  the  first  consideration ;  therefore  a  certain 

style  of  strength,  workmanship  and  finish  have  become  usual  which 

are  sufficient  for  the  limited  purpose  in  view.     But  such  methods, 

which  may  be  suitable  for  warehouse  sheds  or  temporary  houses,  are     Temporary  and 

quite  inadequate  for  permanent  structures  like  market  buildings  or         sTrucniies! 


price. 
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railway  stations,  and  a  comparison  of  prices,  according  to  the  area 
covered,  between  the  two  classes  of  buildings  is  fallacious. 

Iron  roofs  and  buildings  cannot  be  tabulated  in  regard  to  price, 
like  machines  or  apparatus  constantly  alike,  for  it  is  seldom  that  the 
same  circumstances  combine  more  than  once,  or  that  exactly  the  same 
design  can  be  repeated.     Moreover,  as  the  value  of  material  has  a 

Fluctuations  in     much  higher  relation  to  the  total  cost  than  in  the  case  of  steam 

engines  or  machines,  fluctuations  in  the  selling  price  of  iron  or  steel 
cause  corresponding  and  continual  fluctuations  in  the  prices  of  the 
structures.  It  is  sometimes  attempted  to  value  iron  buildings  ac- 
cording to  their  area,  but  for  the  above  reasons  prices  so  stated 
must  be  subject  to  considerable   modification.     The  unit  of  size 

Prices  per  square  adopted  in  England  is  generally  the  **  square "  of  100  superficial 

feet,  but  as  the  strength  and  weight  of  roofs  per  foot  increase  with 
the  span,  the  cost  per  square  for  roofs  or  buildings  alike  in  other 
respects  alters  with  the  size.  An  increase  in  height  must  also 
obviously  increase  the  cost;  but  if  it  be  attempted  to  tabulate 
according  to  the  volume  or  cubic  contents,  numerous  circumstances 
lender  fixed  rates  inapplicable. 

It  is,  however,  possible  to  separate  the  parts  of  iron  structures  so 
as  to  obtain  a  basis  for  estimating  cost.     First,  in  regard  to  weight : 

Prices  by  weight,  when  pig-iron  costs  jQi  per  ton,  iron  columns  and  other  cast-iron 

parts  fitted  for  a  building  cost  from  jQ*]  to  jQi  2  per  ton  ;  but  if  the 
design  be  complicated,  or  the  parts  very  light  or  ornamental,  these 

J*/ /a/w  538-563.     rates  maybe  considerably  increased.     Steel  joists  cost  from  ^8  to 

;^io  per  ton,  and  wrought-iron  or  steel  parts,  such  as  girders,  from 
£12  to  ;£'i8  per  ton  at  a  time  when  iron  and  steel  are  selling  at 
;^8  per  ton,  and  lighter  parts,  as  in  roof-work,  will  cost  jQid  to  jQ2^ 
per  ton. 

Cost  of  roofinar  Wrought-iron  roofing,  if  considered  alone,  may  be  approximately 

increases  with  .,,.  «ii  /»»•«• 

span.  valued  according  to  span,  although  every  circumstance  of  difference 

must  be  taken  into  account  before  the  rate  for  one  roof  can  be  exactly 
applied  to  another.  Omitting  very  small  roofs,  it  will  be  found  that 
the  framing  of  trussed  roofs,  exclusive  of  supports  and  of  covering 
will  weigh  from  5  to  6  cwt.  per  square  (measured  horizontally)  for  spans 
between  40  and  50  ft. ;  6  to  8  cwt  per  square  for  spans  between 
50  and  60  ft. ;  7  to  9  cwt.  for  80  ft. ;  and  8  to  10  cwt.  for  100  ft. 
The  rates  of  cost  per  ton  are  stated  above.  The  lightest  framing: 
is  that  for  a  covering  of  corrugated  iron,  which  imposes  little 
weight,  and  by  its  strength  renders  unnecessary  the  closer  supports 
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which  other  materials  require.     The  weight  and  cost  of  corrugated  Corrugated  sheets. 

sheeting   have   already   been    referred    to,    the    prices   fluctuating 

considerably  according  to  the  current  value  of  iron  and  zinc.     In 

calculating  the  cost  of  corrugated  iron  for  the  sides  of  buildings, 

provision  must  be  made  for  subsidiary'  framing  between  the  columns, 

although  this  is  almost  entirely  omitted  in  the  case  of  huts  or  small 

sheds. 

The  smallest  iron  buildings  are  those  used  as  huts  and  cottages,     iron  buildings, 
and  such  buildings  12  ft.  to  20  ft.  long,  10  to  15  ft.  wide,  and  7  or 
8  ft.  high  to  the  eaves,  will  cost  from  ;;^2o  to  ^25  per  square,  or 
from  ;^25  to  j[fio  each,  including  doors  and  windows.     But  prices  243- 

according  to  area  are  misleading  for  such  small  buildings. 

Plain  storehouses  12  ft.  high  to  the  eaves  cost  from  J[fi  to  ^^15 
per  square  if  unenclosed,  and  from  ^12  to  ;£2o  if  enclosed  ;  but  from 
;^20  to  ;^3o  per  square  is  needed  when  the  sides  are  from  12  to 
20  ft.  high,  and  numerous  or  strong  windows,  doors  and  ventilating  344- 

fittings  are  required.  The  cost  will  obviously  vary  also  according 
to  the  solidity  of  the  supports,  thickness  of  the  sides  and  covering, 
and  the  general  style  of  workmanship.  Dwelling  houses  of  iron  are 
generally  for  temporary  purposes,  and  are  made  light  and  cheap 
accordingly,  but  there  are  countries  where  strong  permanent  build- 
ings can  be  erected  with  advantage,  and  a  sufficient  price  paid  to 
ensure  durability  and  elegance.     Thus  for  a  tropical  climate,  like  345. 

that  of  India  and  parts  of  South  America,  dwelling  houses  or  bun-  ^'®"  bungalows, 
galows  can  be  built  almost  entirely  of  iron,  but  with  thicker  walls 
than  is  usual  in  temporary  houses.  That  is  to  say,  there  may  be  an 
inner  lining  of  wood  with  a  space  between  it  and  the  outer  iron,  which 
may  either  be  left  open  or  filled  with  concrete.  The  doors  and 
windows  would  also  be  double.  Buildings  of  this  sort,  well  con- 
structed and  divided  into  dwelling-rooms,  bed-rooms,  bath-rooms, 
stables  and  servants'  quarters,  would  cover  from  40  to  60  squares, 
including  verandah,  and  would  cost  about  ;^5o  per  square,  including 
wood  and  canvas  lining,  and  all  structural  fittings. 

It  is  impossible  and  would  be  misleading  to  lay  down  any  rules    Large  buildings, 
for  more  important  structures,  such  as  markets  and  railway  stations,  Markets, 

as  when  a  particular  case  arises,  there  are  local  circumstances  of       See  page  ^^^ 
difference  which  render  previous  estimates  inapplicable,  the  combina- 
tion of  masonry  and  brickwork  with  the  ironwork,  and  of  subsidiary   Railway  sutions. 
buildings  and  accessories,  increasing  the  difficulty  of  specifying  the        See  page  ^y, 
cost  of  ironwork  alone.     It  is  well  to  remember  that  the  cost  per 
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Causes  of 
expense. 


Large  spans 
seldom  needed. 


Lam  roofs  in 

Paris,  Chicago, 

and  London. 

Cost  of  large 
spans  per  square. 


Oable  ends  of 
large  roofs. 


346. 

Example  in 
London. 


square  of  the  vertical  supports  increases  with  the  height,  and  the  cost 
per  square  of  roofing  with  the  span  \  that  buildings  open  at  the  sides 
aie  cheaper  than  those  enclosed ;  simple  shapes  in  which  the  parts 
repeat  cheaper  than  those  of  irregular  shape ;  and  besides  these 
primary  points,  that  the  kind  of  covering,  the  system  of  ventilation, 
the  number  of  doors,  windows  and  other  accessory  parts,  as  well  as 
the  degree  of  ornament,  have  also  to  be  considered. 

Spans  larger  than  100  ft  do  not  occur  frequently,  as  it  is  generally 
found  better  when  a  wide  enclosure  is  required  to  have  two  or  more 
spans.  In  market  buildings  the  spans  seldom  exceed  60  fL  ;  in 
railway  stations  the  absence  of  intermediate  columns  is  an  advantage 
in  the  arrangement  of  rail  lines,  but  except  in  the  case  of  large 
terminal  stations  in  cities,  spans  seldom  exceed  100  fl.  The  largest 
span  constructed  up  to  1888  was  the  St.  Pancras  Station,  London, 
240  ft ;  the  machinery  hall  built  for  the  Paris  Exhibition  of  1889  has 
a  span  of  370  ft.,  and  that  at  Chicago  Exhibition  was  larger.  Railway 
station  roofs  between  80  ft.  and  150  ft.  cost  from  ^^14  to  £^2^  i>er 
square,  including  erection  and  covering,  but  beyond  these  spans 
and  up  to  240  ft  the  cost  of  the  station  roofs  erected  in  England 
has  ranged  from  ^£"25  to  ;^5o  per  square.  Under  ordinary  circum- 
stinces,  and  with  iron  at  average  rates,  the  cost  of  roofs  between 
150  ft  and  240  ft.  span  need  not  be  more  than  from  ^20  to  ^35 
per  square,  the  higher  cost,  as  just  stated,  having  been  caused  by 
some  of  the  following  reasons :  a  form  of  construction  involving 
much  material  or  expensive  workmanship ;  irregularity  in  the  shape 
of  the  building;  special  expense  in  the  covering,  such  as  much  and 
thick  zinc,  large  panes  of  glass  and  strong  iron  sash  bars;  the 
additions  of  gable  ends  or  screens ;  and  the  occurrence  of  high  prices 
for  material.  The  gable  ends  of  the  roofs  over  wide  buildings  present 
so  large  an  area  to  the  wind,  that  considerable  ingenuity  is  necessary 
to  give  without  undue  weight  or  projection  the  strength  necessarj' 
for  resistance.  The  large  buildings  that  have  been  erected  in  the 
principal  cities  of  Europe  and  America,  present  numerous  examples 
varying  very  much  in  the  skill  exhibited  in  this  respect  The  gable 
ends  of  the  Olympia  roof  in  London,  previously  referred  to,  is  one 
of  the  best  In  this  case,  the  glazing  was  arranged  in  zig-zag  fashion, 
so  that  the  framing,  of  which  Fig.  346  shows  a  sectional  plan,  had 
the  appearance  and  strength  of  a  ribbed  or  corrugated  structure. 

Where,  in  wide  buildings,  the  presence  of  columns  is  alone  ob- 
jected to,  roof  trusses  of  moderate  span  may  be,  as  already  described. 
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supported  on  girders,  and  in  some  cases  the  roof  is  placed  upon  the 
lower  flange  of  the  girders  so  that  the  latter  are  not  conspicuous  from 
the  inside  of  the  building.  There  is,  however,  the  disadvantage  in 
this  plan  that  part  of  the  structure  is  unnecessarily  exposed  to  the 
weather,  the  numerous  small  roofs  hold  much  snow  and  dirt,  the 
rain  gutters  are  numerous,  needing  much  attention,  and  in  buildings 
of  large  area  the  lower  level  of  the  roof  than  is  afforded  by  wide 
arched  spans  renders  ventilation  difficult 

The  proper  design  for  an  iron  roof  or  building  and  an  estimate 
of  cost  can  only  be  made  on  the  basis  of  full  information,  which 
should  be  given  on  the  following  points : — 

The  Purpose  of  the  building ;  if  with  upper  floors  or  galleries,  the 
load  to  be  provided  for ;  whether  for  permanent  or  temporary  use  ; 
and  whether  the  design  is  to  be  plain  or  ornamental 

The  Dimensions  of  length,  width,  and  height,  or  the  area  required. 

The  nature  of  the  Foundations^  and  whether  the  building  is  to  be 
open  at  the  sides  or  enclosed^  and  if  enclosed,  whether  by  brickwork, 
wood  or  iron. 

The  number,  description  and  dimension  of  doors,  windows  and 
other  Accessories. 

The  position  in  which  Lighting  in  the  roofs  is  required. 

The  nature  of  the  Climate^  the  kind  of  roof  covering  required,  and 
particulars  in  regard  to  rain,  snow,  wind  and  ventilators,  rain  gutters 
and  pipes. 

\See  also  Bridges  :  Market-Buildings  :  Iron  and  Steeu] 


Girders  used  for 
large  spans. 

See  Figt^  398,  329, 
330. 


Designs  must  be 

based  on  full 

particulars. 


Purpose. 


Dimensions. 


Local 
particulars. 

Stengel  A, 
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Abandonment  of  railway  schemes    5 

Abattoirs  and  markets 331 

Abutments,  bridge 138,  144,  160,  167 

roof 868,  869 

Accounts,  mining  357 

disputed  24,53.54,385,441 

Accumulator,  electric   269,316 

hydraulic 492 

Acts  of  Parliament     2,8 

Adaptation  land 181,  188 

Adhesion  of  locomotives  on  rails'  ...     691 

Admiralty  tests,  cement    857 

Ad  valorem  duties 448 

Advertised  notices,  railway  schemes        3 

Aerial  cables,  telegraph    87 

Africa,  diamond  fields  in 403 

gold  mining  in   37i>  37^ 

Agents-General  for  Colonies 14 

Agreements  disputed 418,  441 

Agricultural  locomotives 600 

Air  and  water  pressure  compared  ...     500 

brakes 502,  723,  842 

caissons,  subaqueous 844 

Air  compressors 497,  503 

cylinders,  bridge-pier    139,  780 

leakage  of,  in  pipes  498 

lock  bells    843 

locks  in  cylinders  844 

pumps  for  divers    842 

substituted  for  steam  in  engines      501 

transmission  of  power  by 496 

Alabama,  coal  in  361 

iron  ore  from  383 

Albert  Dock,  tunnel  under 172 

Alloy  for  brass  tubes 656 

Alloys  of  cop^ier    ^...     365 

of  gold 370 

lead 391 

specified  by  buyer 359 

lin     343 
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Alluvial  gold 372,  375 

tin  mines 398 

Alluvium,  diamonds  in 401 

Alum  for  sewage  precipitation 227 

American  anthracite  coal 528 

belting 518 

bridges    135,  142 

carriages,  railway 714 

cement    853 

chilled  wheels 719 

iron  ore   583 

lead 390 

locomotives 700 

lofty  buildings    861 

railways  61 

stand  lid  screw    756 

tramways    287,  302 

wagons,  railway 726 

Ammonia  from  gas    250 

Amperes,  electric  236 

Ampthill  tunnel 62 

Analysis  of  samples  439 

ofwater  184 

purchase  based  on 438 

Angle  bars,  iron 555 

steel 561 

Annealed  iron  sheets 553 

steel 560 

Anthracite  coal 528 

Antimony  in  lead  ore    391 

Antrim  iron  ore 382 

Antwerp,  pressure  water  at 609 

quays,  air  caissons  at    844 

'   Anvils,  smithy    775 

steam-hammer    779 

Approaches,  bridge  137 

Arbitration  of  disputes 420,441 

Arched  bridges  138,  144,  160,  167 

j           roofs     870 

,    Archimedean  screw  pump    625 
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Architect's  agreements 420 

Argentina,  light  railway  in  80 

Armstrong's  accumulator 49 2 

Arsenic  in  copper  364 

in  lead  ore  389 

in  silver   393 

A  rtesian  w  ells,  boring-  tools  for  824 

Assay,  gold 376 

Assayers,  expert    350 

Assaying  apparatus    406 

A  ssurance  societies,  loans  by  209 

Atlantic  cable  signalling  101 

Audit  of  mining  accounts 357 

Augers,  boring  814 

Australian  copper 364 

gem  mines  403 

gold 377 

tin 397,400 

Average,  marine-insurance  447 

Axle-boxes,  railway  720 

Axles,  railway 560,  733 

Bag  and  spoon  dredger 832 

Ball  bearings  for  drills 744 

Ballast  cargo 445 

coal  as 534 

on  bridges 148,  164 

ore  as 353 

pig-iron  as  543 

railway    60 

Banca  tin     397 

Banker's  bills 4^8 

loans  from  43 

Banket  gold  formation 378 

Banks,  colonial  46 

Bar-iron  543 

tests  for   545 

Bar-steel 563 

Bars  at  mouths  of  rivers   121,  220 

Bargains  closed  by  hand-money 453 

Barges,  crane-dredger  836 

hopper     834 

Bark-tanned  leather  519 

Barlow  rail 661 

Bamsley  thick-seam  coal 530 

Basic  slag  as  manure 587 

steel     5S7 

steel,  iron  for  384 

Batteries,  electric  254 

storage 264 
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Beam*engines 583,617 

Belgium,  light  railways  in 77 

Bellegarde,  wire-rope  transmission...     525 

Bellville  boiler    578 

Belting  and  gearing  compared 516 

materials  for   519 

transmission  of  power  by 516 

Berlin  pneumatic  postal  tubes 98 

underground  telegraphs    96 

Bessemer  iron  ore 383 

rails 559,  700 

steel 557 

Best  Yorkshire  iron 546,  549 

Bilon  or  concrete 122,  849 

Betterment,  railway  62 

Bicycles,  tubes  for 636 

Bilbao  iron  ore   583 

Billiton  tin 397 

Bills  at  sight  458 

of  exchange 42,  458 

of  lading 447 

of  lading  for  coal   535 

ofquantities    417 

parliamentary 4 

Birkenhead,  coal  shipped  at 533 

Bi-metallic  currency 395,  456 

Birmingham,  cable-tramway  in 320 

wire-gauge  551 

Bitumen-covered  pipes 653 

Bituminous  coal 528 

Blackband  ironstone 380 

Blackpool  tower 867 

Blacksmith's  test  of  iron 546,  555 

Blackwall  tunnel    173 

Blast  for  portable  forges   776 

for  smiths'  hearths 773 

Blast-furnace,  gas  from 386 

slag    187,387 

Blau  Kranz  bridge 168 

Block  system,  railway  677 

Blow-pipe,  use  of,  for  assays    348 

Blower  air-blast  for  smithy  773 

Blowing-engines 503 

Blue  billy  ore 367 

Blue  diamonds  ground 402 

Boaru  of  Trade  2,4 

electric  bye-laws 271 

electric  units  256 

light  railways 76 

Provisional  Orders  of    9 
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Board  of  Trade  railway  signals      512,  619 

regulations  for  bridges  166 

tramways 291 

Boghead  coal  for  gas-making  5  29 

Bogie  engines 697 

trucks 716,  726 

Boilers 573 

American    577 

Bcllville  578 

crane    799 

Cornish    574 

cross-tubes  for 576 

feed-pumps 584 

fines 574 

corrugated   579 

forced  draught  in   575 

foundations  for   567,  592 

Lancashire  574 

locomotive  581 

marine 575,  579 

multitubular    574,  594 

priming  of  $81 

steam-hammer    782 

steel 578 

straw  fuel  for 595 

testing  of 579,  708 

tubes  for 575,  656,  701 

water  for 592 

water-tube   577 

wood-burning 595 

Bolivia  tin  397 

Bombay,  freight  of  coal  to   363 

port  trust X19 

Bondi  negotiable    32 

payment  for  works  by    190 

railway 62 

Bondsmen,  contractors* 37 

Boness,  cannel  coal  at  530 

Boringi  diamond-drill    822 

machine  tools 750 

rock-drill 816 

rods 815 

tools 814 

trial  348,406 

Borrowed  money  for  works 457 

Borrowing-powers,  municipal  ...     193,  235 

for  gas-works  236 

public  works   117 

Hosphorus,  bridge  site  at 137 

Bought  and  sold  note    412 


PAGB 

Bounties  on  manufacture  463 

Brake  H.P 570 

Brakes,  air  502,723 

Bramah  press 490 

Brand,  Portlaod  cement  sold  by 855 

Brands  of  iron    544 

of  pig-iron  vary 539 

or  trade  marks    428 

Brass,  alloy  fur  656 

engine  bearing    415 

Brazil,  coal  freight  to    363 

diamonds 403 

Break -down  cranes    682,793 

Break  of  gauge  on  railways 59 

Breakwaters    122 

cranes  for  building 122 

cost  of  large    124 

diving  work  for  123,841 

Brick  cylinders  for  piers    140 

hearths,  smiths' 772 

Brickwork,  arched  bridges  of 145 

Bridge  abutments  138 

approaches 137 

Blau  Kranz 168 

Bosphorus  site  for 137 

Brooklyn 169 

Cologne  169 

eye-bars    143 

Holbom  Viaduct    148,161 

London    146,  14^ 

Newcastle    169 

Niagara   168 

Oporto 167 

parapets  I53»  683 

piers,  foundations  for    139 

pneumatic  methods  for 140,  841 

Kialto,  arch    I37 

St.  Louis 169 

Southwark  146.  161 

steel 14s 

superstructures  classified   141 

Tower "69 

Westminster    *46 

Bridges    133 

American     6'»  ^4* 

arch I37i  '44,  »6o 

ballast  on    60,148,164 

B.  of  Trade  regulations 166 

boat »70 

brick    MS 
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Bridges,  Bruners  866 

cantilever    i6S 

cast-iron 147 

cattle  on 146 

cheap  and  imperfect 127,  131 

classification  of  137 

combined  structures  161 

concessions  for    134. 

cyclones,  effect  of 166 

deck 137 

designs,  choice  of 141,  174 

erected  by  wire  ropes    168 

erection  of 136,  141,  154,  168 

floating    171 

foot 155,  162 

granite  roadway  on   147 

ice  floating  under  137 

insufficiently  described    X75»  459 

launching  of   141 

levels  determine  design «     138 

loads  on  148 

locomotives  on  150 

macadam  on   147 

margin  of  safety  on  150 

material  of 144 

moving  loads  on    148,150 

ornamentation  of  152 

overhead  bracing  of 166 

painting  of 152 

paving  of 147 

piers  of    139 

pin  V.  riveted 142 

quality  of  steel  for 560 

railway    148,  61 

range  of  stress  on  150 

right  of  way  to   168 

riveting  of  143 

roadway  width   146,147 

rusting  of    151 

steam  road- rollers  on    149 

steel     145 

stone    144 

stresses  usual  on    151,166 

suspension  167 

Thames   138 

timber 144 

toll  134 

traction  engines  on    149 

through    137,  162 

transport  of 141,  176 
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Bridges,  troops  marching  on    149 

tunnels  instead  of  170 

wind  stress  on    166 

without  deck  148 

Brimstone,  Sicily  367 

Briquettes ,  cement  testing   85 1 ,  858 

Bristol  Channel  coal  ports  530 

Brunei's  girders 866 

tunnel 17* 

Buenos  Aires,  large  tanks  at    ...    201,  643 

Bucket  and  plunger  pumps 616 

Buckled  plates  on  bridges    147 

Buffer  stops,  railway     676 

Buffers,  spring    7^9 

Builders*  contracts 420 

Buildings,  cost  of  338,  809 

factory     477 

fire-proof 878 

iron  and  steel 860 

lofty 56i 

railway    683 

Bulb  beams,  rolled    5^^ 

Bull-head  rails   662 

Bungalows,  iron     881 

Bunker  coal    531 

Burmah  ruby  mines  403 

Buyer,  specification  of 413 

B.  W.  G 55* 

Bye-laws,  gas-works 244 

markets   340 

sanitary    218 

streets 216 

tramways 326 

water-works    198 

By-products,  mining     355 

Cable  tramways  317 

Cables,  submarine  telegraph    99 

Caissons  for  bridge  piers  844 

Calcining  copper  ore     312 

kilns,  cement 650 

lead  ore  389 

silver  ore     393 

tin  ore 399 

Calcutta,  drainage  of    229 

California  gold  37if  373 

Canal  carriage    363 

Candle  power  defined   242 

Cannel  coal     529 

for  gas-making   242 
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Camilever  bridges i68 

Canvas  belting     519 

Canvas  hose-pipe  637 

Cape  diamonds  402 

Capitalists  and  contractors  I9f  40 

Capstan-rest  tool -holder  738 

Capstans,  railway  shunting  6x0,  803 

warping  795.  803 

Carbon  in  steel  557 

Carbonate  of  lime  for  cement  ...    850,  853 

Carboniferous  rocks,  coal  in    358 

Carbons,  diamond  drill 825 

Cardiff  coal,  freight  of 363 

coal  shipped  at 530 

Cargo  cranes  at  docks  53i>  ^5 

Cargoes,  coal 534 

out  and  home     445 

pig-irou   446 

miscellaneous     445 

sampling  of  mineral  385  426 

Carriage  cheap  by  sea  445,467 

importance  of,  to  manufacturers...  468 

inland 449 

Carriages,  railway     713 

Cartage  saved  by  railway  siding     ...     468 

Cartagena  iron  ore 381 

Case-hardening 590 

Casks  for  cement  858 

Cast- iron  arched  bridges  147,160 

malleable     564 

testing  of 541 

Cast-welded  rail  joints 306 

Castings,  chilled 538 

pipe 644 

Scotch  iron 539,  542 

steel 563 

Catalogues,  choice  from   423,586 

steam-engines 532,  586 

Catchment  area  of  rivers 204 

Catch-pits  for  road  grit     221 

Cattle-guards,  locomotive    699,710 

Caution  money  4t  37»  453 

Cement,  mortar 856 

Portland 849 

sewage  sludge    7^9 

Cenis,  railway  over  Mont     694 

Central  London  Railway 172 

Centrifugal  pumps 626 

Certificates,  engineers' 24,  418 

Cesspools,  evils  of 214 
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Cesspools,  Paris 496 

Ceylon,  gem  mining  in     403 

Chain  pumps 625 

Chains,  crane 812 

Chairs,  railway 667 

spikes  and  trenails  for  668 

Chalk,  cement  made  from    850 

Chaldron,  coke  sold  by    537 

Channel  iron 563 

Charcoal  fuel  for  smelting   386,  389 

iron 386,  550 

lead  smelted  by 389 

sheets  552 

Charter  party 413 

Chartering  of  vessels 445 

Cheap  labour  fallacious     75 

money,  lack  of  in  colonies    13 

Chemical  knowledge,  miner's 348 

Chemicals,  sewage  purifying  by 227 

sold  by  analysis 439 

Cherbourg  breakwater 124 

Cheshire  coal,  shipment  of 476 

Chicago  lake  tunnel 173 

Chili  copper  bars  369 

mines  364 

Chilled  castings 538,  702 

iron  crossings 673 

railway  wheels    702 

China,  early  railway  m 66 

Chinese,  gold  mining  by 375 

tin  mining  by 401 

Chisel  drills    814 

Christiania,  sleigh  tramcars  in 310 

Cinder  iron 541 

Circular  saw  for  iron 785 

Circulating  pumps 627 

City  &  Southwark  Tunnel   171 

Clay,  excavation  of   140,  830 

for  puddle   252 

ironstone 380 

stratum,  London    171 

Clearing-house,  foreign  exchange   ...  457 

Cleveland  iron   539 

Climate  affecting  exports 452 

manufacture    465 

sanitation    208 

telegraphs  85,  94 

buildings  suited  to 452,  883 

difhculties  for  telegraphs 85 

effect  on  railway  works 74 
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Climate,  machinery  suited  to  396 

Clinker,  Portland  cement 85 1 

Clyde,  coal  shipped  from 550 

dredging;  the  river 123 

tunnel  under  172 

Coal,  anthracite 528 

ballast  cargoes  534 

bituminous 528 

boring  for   359 

broken  in  loading  531 

cannel 242,  529 

cargoes,  ventilation  of 531 

carriage  of 363,  532 

classification  of 527 

coking  of    386,53s 

consumption,  engine 572,  594 

cost  of  getting    360 

cranes  for    531 

deterioration  by  climate  533 

dues,  London 17 

evaporative  power  of    473,  517 

export  of. 36;,  529 

freights    363 

gas,  explosion  of   361 

gas-making 242,  528 

pillars  of,  in  mines    362 

prices  of 360 

prospecting  for  358 

quantity  of,  per  acre 362 

screening  of    532 

sea  freight  of 360 

seams,  thickness  of   358 

ship  charters  534 

shipping  ports    530 

storage  of  533 

stowage  of,  on  ships 531 

water  carriage  of  363 

weight  of    362,535 

Coal-mines 361 

heat  in 359 

limits  of  depth    358 

pumping  in 306 

Regulation  Act 362 

ventilation  of 361 

Coal-mining  357 

explosions  361 

royalties 360 

Coalin^^  stage,  railway 681 

Coating  of  iron  pipes    647 

oftubcs  657 
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Coke   250,  535 

Connelsville   386 

Durham  386,  537 

export  of 538 

washing  of 536 

weight  of    537 

Coking  ovens 386 

Cold-blast  iron  538 

Cold  short  iron 547 

Cold  storage  in  markets  331 

Colliery  shafts    361 

wagons    727,  733 

Colombo  breakwater    125 

Colonial  Agents-General 14 

banks,  loans  through    46 

contractors 51 

loans    14,  31,  210 

public  vorks  14 

Colonies,  factories  in 462 

Colorado,  silver-lead  in   392 

Columns,  cast-iron    86^ 

facing  of 865 

Phcenixville    863 

pivoted    868 

segmental  139,  864 

steel 864 

Commissions  to  promoters  55 

Committees,  Parliamentary 6,  10 

Compensation  for  Accident  Act 2 

landowners 3,  58,  i8l,  223 

Competing  railways 20 

Competition,  unfair  preference      363,  366 

Competitive  prices    411 

Compound  steam-engines 571 

wire  for  telegraphs    88 

Compressed  air  conveyed  in  pipes  ...     496 

cranes 800 

diving  operations  502 

expansive  force  of 498 

hammers  worked  by 784 

locomotives 503 

riveting  by 764 

rock-drilling  by 501 

storage  of   502 

tram-cars  propelled  by 316 

transmissi  on  of  power  by 496 

usual  pressures  of 503 

ventilation  of  mines  by 501 

water-power  for 501 

Compression  of  steel,  hydraulic...  495,  563 
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Compulsory  purchase  of  land 3,  26 

Comstock  silver  lode 397 

Concessionnaires,  services  of,  defined      35 

Concessions    18 

for  factories 463 

for  gas-works 237 

market 331 

mining 345 

price  to  be  paid  for   25 

public  works  18 

railways  71 

telephone    113 

toll  bridges 134 

town  drainage 211 

tramways 291 

water-works    195 

▼asue  53 

validity  of  21 

various  kinds  classified 25 

Concrete,  advantages  of  122 

blocks,  cranes  for  809 

cementfor  849 

cylinders 122,  141 

failure  of 123 

floors    862 

for  tramways  305 

foundations  for  machines 764,  784 

materials  for 856 

mixture  of  856 

Condensation  in  pipes 484,  573,  797 

Condensing  engines  569 

water  for   470,  592 

Conductivity  of  copper 88,  364,  504 

Conductor  wires,  telegraph 88 

telephone    112 

Conduit,  electric  tram  system 322 

Confiscation,  fear  of,  restrains  trade  54.  419 
Connecting  rods,  power  transmission     509 

Connelsville  coke  386 

Consolidation  locomotives    698 

Contract  and  purchase 411 

Contractors,  causes  of  failure 1 2,  48 

charges  checked 385 

cranes 792,  809 

estimates  valuable 47 

for  foreign  works  40 

gas-works  owned  by 238 

lines,  railway 12,  664 

locomotives 707 

paid  by  shares 12,  41 
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Contractor's  plant  as  retention    38 

portable  engines 593 

rails 664 

railway  wagons  734 

risks  419,  431 

surveys 48 

tenders 417 

unwilling  to  tender    417 

Contracts  based  on  reputation 427 

on  sample   425 

on  specification    413,  421 

on  usage 412 

certainty  in 418 

coal  242,  532 

freight 445,  534 

implied  conditions  in 418 

iuxisdiction 419 

letting  of 417 

made  byletter 412 

one-sided 418 

pipe 648 

rail   665 

repairs 436 

speculative 440 

too  elaborate  412 

verbal  427 

Contributory  trades,  manufacturing  469 

Convict  labour  for  harbour  works  ...  1x7 

Convicts,  street  cleaning  by 210 

Copenhagen,  tramways  in    310 

Copper,  alloysof. 364 

arsenic  in 364 

best  selected   364 

calcining  of. 366 

classification  of  365 

conductivity  of 364,  504 

conductor-rods,  electric 267 

deposited  on  iron   368 

dressing,  cost  of 366 

electro-coating  of  364 

extraction  from  pyrites 366 

lixiviation  of  368 

matte   366 

mines,  value  how  determined  ...  368 

mining 364 

native  364 

ore,  transport  of 366 

precipitation  of  368 

prices  of 369 

prospecting  for   364 
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Copper,  purity  of,  important   364 

pyrites 365 

quartz  ore    365 

refined 364,  366 

regulus 366 

roof  covering  871 

sulphur  in    366 

tin  coating  on 396 

tough  ingot 364 

tubes    656 

uses  of,  classified    364 

veinstone 36 

wire 364 

works,  Swansea 366 

Copying  lathes   741 

Coral,  concrete  made  from  856 

Cornish  boilers   574 

mining  laws 344 

pumping^engines    619 

tin,  sale    397 1  400 

standard  400 

Corporations,  facilities  granted  to  ...         8 

Corrosion  of  iron  buildings  865 

ofpipes    647 

Corrugated  furnaces  579 

iron  sheets  553»  871 

roadways,  bridges 147,  161 

Corrupt  officials 54 

Corridor  cars,  railway   714 

Corundum  gems 403 

Cost-book  mining 357 

Cost,  insurance,  freight  (c.i.  f. ) 447 

Costs,  parliamentary '  8 

Cotton  ropes  as  belting 521 

County  Coun'iil 12 

cement  test 856 

Coventry,  sewage  works  at  228 

Crabs,  hoisting  726,  800 

Cradle,  gold  separation  by   371 

Cranes 787 

balance-weight   793 

break-down 682,  793 

boilers  for    799 

choice  of 811 

classified 787 

coal-shipping  531,  809 

compressed-air    800 

concrete-block  lifting 116,  810 

derrick 788,  792 

electric 807 
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Cranes,  factory  469,806 

floating    810 

foundations  for   129,790,812 

foundry    791 

friction  of    797 

gantry 806 

goliath 806 

hand 796 

hydraulic 800 

locomotive  800 

manual  power  calculated  796 

movable  793»  799,  805 

public  works  809 

railway 682,  801 

ropes  and  chains  for  812 

smithy 791 

steam    797 

traction  engine   600 

.  travelling 80$ 

treble  power    795 

warehouse   792 

wharf  790 

winches  for 796,  800 

winding-barrels  of 795 

wire-rope  stays  for 792 

Creosoted  sleepers 669 

Crescent  rail,  tramway 302 

Crossings,  railway 673 

Cross-over  roads    674 

Crown- Agents  for  the  Colonies   14 

Crown  Colonies 15 

Crystal  Palace  tanks 643 

Cumberland  haematite  iron   381 

iron  ore    380,557 

Cupreous  pyrites    365 

Currency,  payments  in,  depreciated       457 

Curricle  fire-engines  634 

Curves,  railway 63 

tramway  300 

Customary  laws,  mining   344 

Cutters,  revolving  serrated   754 

Cutting-tools,  shape  of 768 

steel  for    564,768 

Cyclones,  effect  on  bridges  166 

Cylinders,  brickwoik 140 

bridge-pier  139 

concrete  141 

hydraulic 495 

Cylinder-sinking,  pier   140,  841 
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Dartmouth  Harbour 121 

Davey  pumps 623 

Dead  rents,  mining   345 

De  Beers  diamond  mines 402 

Debentures ii,  44 

Decauville  locomotive   80 

Deck  bridges 137,  155   ' 

Declaration  of  public  utility 7   ' 

Deferred  payments I9i  24 

Deposit  of  caution  money 5   | 

Depreciated  currency 54,  4S7   \ 

Depreciation  of  factories  473 

ofmachinery  77© 

of  mines 354,  359 

Deptford,  electric  generators  at   266 

Derbyshire  lead  mines  3S9 

mining  laws    344 

Derricks,  lifting 788 

mining 814 

Designs  un fairly  obtained 422 

Desilverising  lead  391 

Destructors,  garbage 217 

Devonshire  mining  laws   344 

Diamond  crossings,  railway 673 

drill 822 

mines   404 

Diamonds,  separation  of  404 

theft  of 403 

Digging  machine    827 

Dining  cars,  railway 722 

Dipper  dredgers 837 

Discredited  schemes 49,  56 

Disputed  agreements 54 

Disputes  arising  from  vagueness 414 

Distant  signals,  railway     678 

Dividends,  gas-works    239 

Diving  apparatus   841 

bell  842 

he' met  and  dress    841 

limits  of  depth  for 842,  845 

Dock  companies 119 

Docks 116 

cranesfor 798,  803 

excavation  of  826,839 

Donkey-pumps  624 

Double-action  pumps 617 

Doubles,  iron  sheets  classed  as    552 

Douro  bridge 167 

Drainage,  funds  for 16,  209 

irrigation  179,225 
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Drainage  of  coast  towns 219 

ofLondon 209,  230 

of  site  for  factories 471 

pumps,  mines 407 

town    208 

works,  foreign    210 

Drawing,  specification  consisting  of  414 

Drawings  and  patterns  of  engines  587,  703 

Dredger,  choice  of    833,840 

Dredgers 832 

dipper 837 

hopper 834,  836 

land 826 

navigation  of  836 

scoop   831 

shipment  of 836 

spoil  from   833 

travelling 826 

Dredging,  cost  of  838 

Drift  mining,  coal 361 

gold 374 

Drill  posts  747 

Drilling-machines 742 

ball  bearings  for 744 

flexible  shaft  for 748 

multiple  745 

portable  747 

radial  743 

Drilling  to  gauge    749 

z;.  punching 560,  759 

Drills,  diamond 822 

jumping  814 

rock 817 

twist 748 

Driving-wheels,  locomotive 696 

Dry  earth  sewage  system 214 

Drying-floors,  cement   850 

Duplex  punching-bears 760 

telegraph  signalling  98 

Duplicate  parts  of  engine 451,  592 

parts  of  machines  451 

sewer  system  224 

I   Durham  coal  530 

coke 537 

Dutch  reclamation  works 186 

Duties,  import   449 

Duty  of  pumping-engines 620 

I   Dykes,  or  levees,  for  rivers 121 

Dynamite,  air  fouled  by   501,  818 

use  of,  in  tunnelling 820 
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Dynamo-electric  generators 254 

motors 612 

East-River  bridge  caissons  844 

Egypt,  irrigation  in  179 

Eiffel  tower    867 

Ejector,  compressed  air    496 

Elastic  limit  of  iron  545 

of  steel    560 

Elba  iron-ore 382 

Electric  arc  lights 231 

battery,  zinc  for 483 

bonding  tram-rails 322 

cranes 807 

lighting,  accumulators 269 

Act,  1882   269 

areas,  extent  of 263 

arc  lamps    255,259,276 

B.  O.  T.  regulations 270 

B.  O.  T.  unit 256 

candle-power 259 

coal  consumption  280,  283 

companies  282 

depreciation  of  plant       266,  283 

distance,  how  limited   256 

dynamos 254 

E.M.F 255 

extra  high  pressure    270 

Faraday's  discoveries    254 

Ferranti  transmission    266 

fire  insurance 275 

gas  compared  with    275 

high  and  low-pressure 256 

hours  of  284 

incandescent  lamps   ...    255,261 

leakage    269 

monopolies  for  270 

municipal    270,  281 

Niagara  power  267 

patent  rights  262,286 

prices  of 277,280 

primary  batteries   254 

portable  batteries  269 

Provisional  Orders  for 269 

sinking  fund    283 

sites  for  works    282 

steam  turbines  for 279 

storage  batteries    264,268 

Swan  patents 262 

transformers   261,  265 
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Electric  Lighting,  water  power  for...     280 
way-leave  for  conductors...     284 

zones  of  supply  area 263 

locomotives    509,  703 

telegraphs  82 

trolly  tramways 320 

welding  786 

Electricity,  leakage  of 271,  323 

pumping  by    266 

transmission  of  power  by 504 

Electro-coating  of  copper    364 

Electrolytic  action,  tramways 32 1 

Elevated  railroads 295 

Elevators,  grain     811 

Embankment,  machine-dug  soil  for       829 

Emery-wheel  grinding  tools    755 

Enamel,  tubes  coated  with  657 

Endowments  by  concessionnaires   ...      25 

Engineer  arbitrators 420 

contractors 421 

Engineering  factories    35 

Engineer's  aid  in  purchasing   423 

certificates  24,418 

powers  of  alteration  by     418 

Engines,  compressed  air  496 

electric 611 

gas    602 

hot-air 608 

oil 606 

steam  566 

water   198,408,609 

Equilibrium  valves  in  pumps  619 

Equitable  conditions  in  contrac's    ...     418 

laws 26 

terms  in  concessions 36 

Erection  of  machinery  450 

Estimating,  skill  in    416 

Estimates  of  cost  for  works 21 

of  cost  valuable 422 

Estuaries  of  rivers 121 

Evaporation  in  boilers  532>  571 

Examiners,  Standing  Orders   5 

Excavating  by  compressed  air 501 

bysyphon    831,835 

machinery   825 

steam  navvy    827 

subaqueous 831 

Exchange,  bills  of     43,  458 

foreign 454 

losses  by  falling 253,  457 
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Exchange,  telephone 109 

Excise  restraints 464 

Exemption  from  Standing  Orders  ...        6 

Expansion  of  steam   5S0 

Explosives,  mining    501,  820 

Export  packing  and  storage   447,  596,  70S 

purchase  for    4^2 

quality  of  goods  for  444 

Expropriation  of  land  by  Government    26 
Extras  and  omission  iu  contracts    ...     432 

on  steam  engines   590,596,707 

on  rolled  iron 551,  555 

on  rolled  steel    561,876 

Eye-bars,  bridge    *43i  7S5 

Facilities  for  public  works  26 

Facing-point  lock  677 

Facing-points,  connecting  rods  for  ...  511 

railway    672 

Factories,  buildings  for 477 

capital  outlay  in 472 

depreciation  of  473 

designing  of   474 

establishment  of    460 

extension  of    478 

procedure  in    473 

railway    686 

Factory  Acts I.  464 

buildings 477 

Failure  of  contractor 12 

of  schemes,  causes  of    48 

Failures  in  manufacture,  causes  of  472,  475 

Fairs,  decline  of 330 

Fallacious  securities  54 

Fans,  smithy  blast 773 

ventilating 501,  561 

Faraday's  electric  force 254 

P'are-box  system  on  tramways 309 

Fares,  tariffs  of,  on  tramways 325 

Earn  ey  iron   54^,549 

Fast  and  loose  pulley.H  517 

Feed-pum ps  for  boiltrrs 584,  624 

Feed-troughs,  locomotive 695 

Fecd-u  ater,  heating  of 594 

Feeder-lines,  railway    71 

Fell  system  of  railways 694 

Felt  roof  covering 873 

Ferro-manganese,  ore  for 381 

Festiniog  Railway 65 

Field  telegraphs 92 
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Filtration  of  sewage  223,  226 

Financial  flaws  in  schemes  49 

societies  44 

Fines  imposed  on  contractors 38 

on  gas  managers    243 

Fire,  destruction  of  refase  by  217 

iron  protected  from   865,  879 

Fire-bars,  boiler 578 

Fire-boxes,  plates  for    549 

Fire-bricks 772,  774 

Fire-engines    634 

establishment,  cost  of   639 

floating    638 

manual     634 

steam  635 

Fire-extinction  631 

hydrants 633 

in  London  639 

insurance,  electric  lighting  275 

water  supply  for 200,  631 

Fire-proof  buildings  878 

floors    862 

Fishing-joint,  rail 662 

Flange  joints  of  pipes   651 

of  tanks  640 

rails 660 

Flexible  drilling-shaft  748 

i"  loating  bridges    170 

cranes 810 

fire-engines 638 

Flooded  water-sources 185,  205 

Flooring,  fire-proof   862 

Fluctuation  in  prices 443 

Fluss-eisen  (steel)  559 

Foot-bridges,  examples  of   155,162 

Foot-pounds,  power  measured  by  570,  796 

Forage,  tram-horses 311 

Force-pumps 624 

Force,  transmutation  of 479 

Forced  draught  ia  boilers     575 

Foreign  exchange,  rate  of    455 

public  works  13 

works,  contractors  for  40 

Foreigners  forbidden  to  trade 463 

Forest  clearings  for  telegraphs 90 

Forfeiture  of  caution  money    37 

Forges,  rivet  776 

smiths' 777 

Forging,  hand  or  power  780 

hydraulic 785 
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Foi^ging  machines 783 

Forgings,  purchase  of    476,  7 79 

Foreign  exchange 455 

Formosa,  coal  in    361 

Forth  bridge  168 

caissonsfor 844 

Fortified  stations,  works  for    15 

Fonndations,  bridge  ...  139,  175,  459,  844 

crane    790 

factory  building 471 

inappropriate  459 

machine  tool  765 

steam-engine  592 

steam-hammer    781 

trial  borings  for  175,  459,  813 

Foundry  coke 333,  483 

cranes  791 

iron  540 

Fountains  in  markets 335 

water  supply  by 201 

France,  bridge  loads  in 149 

horse-power  in    569 

lead  smelted  in  389 

light  railways  in 79 

State  loans  in 80 

tramway  concessions  in 29 1 

Free  harbours 119 

Freehold  land  for  factories   47 1 

Free  trade,  freight  rates  reduced  by  446 

in  England 2 

Freezing  of  exhaust  air 498 

Freight  rates  for  coal 363 

for  ore 383 

how  determined 445 

French  mining  laws  344 

portable  engines 593 

railways,  State  property  in  39 

Fribourg,  wire-rope  transmis^ion  at. . .  525 

Friction  brakes,  engines  tested  by  ...  570 

of  air  in  pipes 498 

of  cranes 797 

of  gas  in  pipes     249 

of  shafting   515 

of  water  in  hose- pipe    632,  635 

of  water  in  pipes     630 

Frodingham  iron  ore 386 

Frontage  for  factories,  river 471 

Furnaces,  corrugated 579 

gas  heated    775 

rivet 775 
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Furnaces,  smithy   774 

Gable  roofs 870 

Gables,  stiffening  of 882 

Galena  lead 388 

silver    394 

Galvanised  iron  sheets  553,  872 

tanks    643 

painting  of 643 

Gantry  cranes,  travelling 806 

Gap  lathes  738 

Garbage,  burning  of  town 217 

Gas,  ammonia  from   250 

candle  power  of 242 

blastfurnace    386 

coal  for  making  242 

coke,  uses  for 536 

compared  with  electricity 275 

consumption  of 244 

cost  of  making    250 

engines    482,  602 

explosion  of  coal  cargoes 531 

gratuitous  supply  of  243 

illuminating  power  of   242 

incandescent    246 

lamps  in  streets 245,  249 

lighting,  average  hours  of 245 

passage  through  pipes  249 

pipes 644*652 

price  of,  restricted 239 

producer 250,  481 

purity  of 243 

referees    243 

selling  price  limited  239 

shares,  high  value  of 240 

sulphur  in   243 

tar  from 242,  251 

tariff  in  local  currency  253 

waste  of 251 

water   482 

yield  of,  from  coal 242 

Gaseous  fuel 245,  259 

Gas-works  235 

affected  by  climate 247 

borrowing  for 236 

bye-lawsfor    244 

concessions  for   23S 

cost  of 245,  249 

dc&igningof 251 

foreign  237,  245 
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Gas-works,  foundations  for 247 

guaranteed  revenue    238 

monopoly  of 235,  239 

municipal    236 

profits 235,  250 

residual  products    250 

sale  by  contractor  238 

sinking  fund  for 251 

sites  for 246,  252 

specified  by  sample    426 

Gauge,  break  of  58.  78 

Imperial  standard 552 

light  railways 7S 

railway     58 

tramway 298 

Gauge-piles 846 

Gauges,  drilling 749 

for  sheet- iron  551 

General  average  insurance    448 

Gem  mining   401 

Gems,  prospecting  for  404 

specific  gravity  of 404 

Geological  surveys,  mining 345 

Geology  of  water-sheds 205 

German  basic  steel 557 

cement 852 

tramway  concessions  29 1 

Girders,  depth  of 158,  166 

pin  V.  riveted  142 

G!a*;gow,  coal  shipped  at 530 

tramways  in    290 

Glass,  packing  of,  for  shipment  875 

Glazing,  roof 874 

Gold,  alloys  of  370 

alluvial  372,  375 

ancient  workings  of  377 

annual  product  of 370 

assaying  of 370 

banket  ore  378 

cost  of  getting 373 

how  distinguished 370 

hydraulic  mining    373 

in  pyrites 366 

lo-js  of,  in  mining  375 

mining 370 

mint  value  of 370 

native  37° 

nuggets    372 

pan  and  cradle  system 372 

placer  mining 371 


PAGE 

Gold  prospecting 372,  377 

rusty    375 

sampling  of,  at  mines   375 

standard 370 

supposed  growth  of  371 

tailings  assayed 375 

washing  of 373 

weight  of 372 

Goliath  crane 806 

Goods  trains,  haulage  of 693 

weight  of    725 

Goole,  coal  shipped  at 5  jo 

Government  aid  for  harbours 117 

to  manufactures 465 

engineers 4. 

interference 34,  463 

regulation  of  mines    343 

surveys    26,  345 

telegraphs    83 

works  34 

Grabs,  excavatmg 83 1 

Gradients,  limits  for  locomotives     63,  693 

on  bridge  approaches    138,  174 

railway    63.693,728 

tramway 300 

Grain  elevators  811 

Granite  paving  on  bridges    148,  161 

paving  on  tramways 307 

setts,  cost  of  308 

Grappling  tools,  boring    815 

Gravitation  water  supply ig^ 

Gravity  force  of  water  374,  501 

resistance  on  gradients     300,  693 

Greaves'  pot  sleepers     670 

Greenock,  coal  shipped  at    530 

Grimsby,  coal  shipped  at 530 

Grinding-machines,  emery   755 

of  tools    769 

Portland  crment    852 

Groove<l  pulleys,  rope  belting  for  ...     521 

rails  for  tramways 303 

Ground-floors  in  factories 473 

Groynes,  sea  resisting  189 

Guano,  sewage  compared  with    224 

Guaranteed  interest   29 

railways  in  India    34 

revenue    29 

Guarantees  compared  with  loans     ...       \o 

fallacious     33 

Government    29 

3  M 
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Guarantees  inexpedient    33,  174 

municipal    31 

must  be  explicit     ,...      33 

private  and  corporate   ,      32 

provincial   31 

repudiated 54 

temporary  199,  238 

Guarantors'  share  profits 38 

Gutters,  flushing  of  213 

Guy  ropes  for  sheers  and  derricks  ...     788 

Hamburg,  tramcars  in  310 

Hammering  of  rivets    762 

Hammers^  compressed  air    784 

smiths' 776 

stamp 782 

steam 777 

tilt    777 

Hand  money 453 

Harbour  engineers    120 

tolls,  how  levied    118 

trusts 119 

Harbours  and  docks 116 

capital,  how  provided  ,,     1 18 

sites  for   , 120 

Hartlepool,  coal  shipped  at , 530 

Hatchways  for  bulky  goods     709 

Haulage  and  lifting  in  factories  474 

on  railways     6'^.  692 

Haematite  iron  ore  381,  557 

Headway  under  bridges  137,  159,  165,  309 

Hearths,  smiths'    772 

Heat  force  in  fuel 482,  571 

in  coal  mines 359 

in  electricity  25J 

in  zinc 483 

loss  of,  in  air  compression    498 

motors 602,  608^ 

Hemlock  bark  for  tanoing   •     52a 

Hide  instead  of  leather  for  belting...     520 

Hipped  roofs 870 

Hoisting  by  water-power...    486,  492,  803 

crabs  and  winchesv 795,  800,  805 

in  factories  .., 473 

Holborn  Viaduct  bridge 148,  161 

Holland,  light  railways  in    .^ 79 

reclamation  works  in    x  86 

Hoop  iron  and  steel. 563 

Hopper  dredgers  and  barges  ...    834,  836 
HcMrse-poAver  deftned     568- 


MCff 

Horse-power,  electric   , 25$ 

indicated .*.     570 

portable  engine 59$ 

Horsing  of  tramcars 312 

Hose-pipe,  fire-engine 637 

friction  of  water  in    ...............    635 

Hose-reels 637 

Hot-air  engines 608 

Hot-Wast  iron    53S 

House  refuse,  removal  of 216,  289 

Houses,  iron  881 

miners'    351 

workmen's 408,  471,  688 

Hudson  River  tunnel 172 

Hull,  coal  shipped  at    530 

sale  of  water-power  at 475 

Hydrants,  fire>extinclion 633 

Hydraulic  accumulator 492,  759,  801 

capstans 610,  803 

cement    849 

compression  of  steel 762 

cranes 800 

engines   198,  488,  610 

force  intensified 494 

forging  of  iron    785 

gem-separators  404 

jiggers 805 

machine  tools 759,  785 

mining     373 

opening  bridges 170 

pipes    647 

power  described... 486 

pressta. 492 

pressure,  limits  to 494 

pumps : 624 

punching  bears  , 760 

ramsv  leather  packing  for 492 

riveting 76a 

rods,  transmission  by 485 

smitbing-machkies 785 

testing  machine 767 

tools    759*763 

tubes    655 

zr.  pneumatic  riveting    764 

Hydraulic  S'.  steam  riveting     176 

winches  489,  805 

HydrauUcking  gold  373 

Hypothecation  of  revenues 54 

Ice  floating  against  bridges    160,  175 
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Ice-makinjj  in  cold  stores 336 

Immunities  allowed  27 

Impartial  tribunals,  trade  aided  by        419 

Import  duties 448 

Imports  based  on  trade  marks 428 

Incandescent  gas    246 

electric  lamps 255,  261 

Inchoate  schemes  54 

Inclmed  retorts,  gas 243 

India,  ancient  tanks  in '. 181 

brick  cylinders  in  140 

coal  in 360 

irrigation  works  in    179,185 

public  works  in 15 

railway  carriages  in 7^6,  718 

guarantees  in 34 

rainfall  in    185 

silver  currency  in  396,456 

Indicated  horse-power 570,  595 

Indo-European  telegraphs   85 

Ingot  moulds  for  steel 543 

Ingots,  squeezing  of 7^5 

Injector  boiler  feeder    628 

Inland  carriage 449,  542 

Insecurity,  commercial 23,  54 

Inspection  of  rail  ways 4 

of  work,  delay  in  418 

Insulation,  difficulties  of 85,  87 

Insulators,  telegraph     87 

Insurance,  marme 447,  543 

Interchange  of  traffic  on  railways   ...       75 

of  traffic,  telegraphs 95 

telephones  113 

Interest  during  construction    33 

ff ir  loans,  rates  of 31 

high  rate  of  in  Colonies  14 

payable  in  sterling     457 

Interlocking  railway  .signals 678 

Inverted  lamps,  electric    276 

Investors,  loans  preferred  by  30,  210 

Ireland,  light  railways  in 77 

railway  wagons  in 728 

tramway  gauge  in 298 

tramways  in  298 

Irish  ore,  iron    382 

Iron,  angle 555 

bar  554 

best  Yorkshire    549»  554 

boiler-plates    550 

bungalows  881 


p.^^.II 

Iron  cargoes,  insurance  of 543 

castings,  quality  of 540,  878 

charcoal  550 

Cleveland    59 

corrugated  55^ 

elastic  limits  of  545 

export  of 446,  542 

founding,  choice  of  iron  for     542,  646 

galvanised  553 

haematite 380 

huts 881 

hydraulic  squeezing  of  780 

Lloyds*  rules  for 55' 

making,  land  for 387 

manufacture  of  387 

mining 379 

ore,  analysing 385 

blackband    380 

calcining  of 380 

classification  of  380 

haematite 3^1 

magnetic 3^° 

manganiferous     326 

non-phosphoric 380 

phosphoric  , 384 

prospecting  for   382 

sampling  of 385 

shipment  of  379,  383 

sold  by  units   385 

steel-making   381 

washing  of  385 

plates   549 

pyrites 367 

rails 549 

rolled    543 

sheet    551 

slag 387 

smelting,  fuel  for   387 

tests  of  541,  545,  555 

Ironwork,  painting  of 182,  865 

Irrigation  of  land   177 

canals  179 

capital  for    181 

conditions  of  success 181 

examples  of 171 

(jovernroent  aid  for    182 

indirect  benefits  of 180 

land  grants  for    183 

sedimentary    179 

sewage  179,222,  225 

3   ^I    3 
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Irrigation  systems  classified     178 

water-rate  for 183 

Italy,  light  railways  in 78 

tramwaysin    291 

Japan  coal  361 

Jetties  for  minerals 353,  408 

landing    128 

Jets,  fire-extinction 633 

Jibs,  wood  or  iron  for  cranes   794 

Jiggers,  portable  hydraulic  805 

Joint  Committees  of  Parliament 10 

Jointing  of  ironwork 865,  876 

of  pipes 644,  651 

of  tanks  640 

Joints  in  pipes,  leaky 251,  648 

Joint-stock  mining 356 

tramway  companies 246,  290 

Joists,  iron 556 

steel 562 

Jurisdiction  in  contract  disputes  ...  54,  419 

Keel  of  coal,  weight  of 534 

ofcoke    538 

Keblof,  water-power  at    469 

Kentish  slag  in  cement 858 

Kil  ns,  cement  calcining    85c 

iron  ore  calcined  in   381 

Kilogram  metres,  pwwer  measured  by  569 

Kilowatts,  electric     256 

Kimbcrley  diamond  mines   402 

tubejoint    653 

Kurrachee  breakwater 125 

Labour,  cost  of,  abroad 75 

Labour-saving  processes  472,735 

Labour  supply  for  manufactures 469 

Ladder  dredgers     832 

Ladders  for  roof  repairs,  travelling...     874 

Lake  Superior  copper  366 

Lancashire  boilers 574 

haematite  ore 381 

Land  adaptation  of    188,471 

at  ironworks  for  refuse 387 

at  mines  for  refuse 374,  387 

bonds  27 

by  railways  valuable 64,  684 

cost  for  sewage  223 

dredgers 826 

facilities  abroad 16 
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Land  for  factories  471 

for  gas-works 246 

for  railways 16,  26,  58,  64,  75 

gratuitous  grants  of  26 

irrigation 183 

reclamation  of    186 

restraining  tenure  of 463 

sewage  disposed  of  on  223 

subsidies  granted  in  27 

tenure  of,  for  mining 291,  343 

Landing  piers  and  jetties 127 

Landowners,  compensation  to J 6 

mining  rights 344 

railway  notices  to 3 

rights  disregarded 27 

Lap-welded  tubes 655 

Larch  props  in  mines    362 

Lathes 737 

choice  of,  how  determined  740 

classification  of  737 

copying    741 

multiple  741 

railway  wheel 6S7,  741 

screw-cutting 739 

Lasso  ropes  of  dried  hide 520 

Latitude,  effect  on  gas  supply 248 

Lattens,  iron  sheets  classed  as 552 

Law,  appeal  to  24 

tribunals  corrupt    54 

Laws,  customary  mining 344 

in  restraint  of  trade  463 

mining 343 

Lead  alloys 388 

American    390 

ancient  mines  of    388 

annual  production  of 391 

argentiferous  390 

British      389,  391 

consumption  of 391 

cradle  washing  of 389 

Derbyshire 389 

desilveri>ing  of  390 

fall  in  value  of   392 

galena 388 

market,  London     392 

mining  of    3S8 

ore   389 

Pattinson's  process    391 

prospecting  for  3S8 

refining    389 
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Lead  sash  bars  for  glass    875 

sheets  391 

smelting  of 389 

sulphurets   393 

type  metal  391 

value  of  391 

Leaping-wcirs  for  sewage 225 

Leases,  mining  346 

Leather  belting 518 

hose-pipe 637 

packing,  hydraulic  cylinder 492 

ropes  as  belting 520 

Leeds  tramways 290 

Leith,  coal  shipped  at  530 

Legislative  restrictions  to  trade  ...    2,  463 

Letting  of  contracts  iii  4'! 

Levees  or  dykes  for  rivers    121 

Lifting  and  haulage  in  factories  473 

Lifting-pumps 614 

Light  and  air  in  factories 470,  874 

flashes,  signalling  by 82 

railways  76 

Act  9 

Lighthouse  towers,  steel  866 

Lime  z'.  cement  mortar 854 

treatment  of  sewage  by    227 

Limits  of  deviation  for  railways 3,  73 

Link-motion,  locomotive     701 

Liquid  ejector,  pneumatic    627 

Little  railways    67 

Liverpool,  coal  shipped  at   530 

chemical  works  at 367 

Lixiviation  of  copper  ore 368 

Llanelly,  coal  shipped  at 530 

Loading  at  railway  stations... 468,  684,  802 

at  sidings 468 

gauge,  railway    711 

goods  at  ports I17,  468,  798,  805 

Loads  on  bridges   148,  656,  683 

on  landing  piers 129 

Loan  Commissioners 118,   193,236 

Loans,  Colonial 14,  30^  210 

compared  with  guarantees 30 

for  building  markets 330 

French  railway  80 

from  bankers  43 

gas-works    235 

negotiated  by  Crown- Agents   ...       14 

terms  of  years  for  235 

Local  taxation  by  octroi    17 
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Locomobiles 593 

Locomotives   691 

American 702 

boilers 581 

bogie  truck 697 

choice  of 704,  709 

classified 695 

climate  effects  on    692,710 

coaling  of 681 

compound    699 

compressed  air    501 

consolidation  698 

contractors  707 

coupled  wheels  of 696 

defects  in 701 

drawings  and  patterns  of 703 

electric 703 

fire  boxes 700 

fiiel,  consumption  of 698 

supply  of 681 

gradient  effect  on 693 

mogtd  698 

narrow  gauge 707 

packing  of  708 

prices  of  706 

repairing  of 689,  706 

running  shed   688 

shipment  of 445*  709 

speed  of  693 

special  tools  for  687 

tank 695,  707 

testing  of 149,  708 

tractive  force  of 692 

tramcar    314 

lubes 574i  578,  654 

water  supply  of  695 

weight  on  bridges  149 

Locus  itandi  in  Private  Bills 6 

Lofty  buildings  861 

tanks    643 

towers 866 

London  bridge,  width  of 146 

clay  stratum    171 

coal  and  wine  dues    17 

docks,  tunnel  under  171 

drainage  works  of 209,  220,  230 

electric  lighting  in 277 

fire  brigade 579,  635,  639 

garbage  disposal  of    217 

gas  consumption  in    244 
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London  gas-works,  cost  of  248 

^as6'//^,  notices  in  3 

international  clearing-house 457 

markets  of  ^   33^1  336,  34° 

octroi^M^'xTi  16 

Portland  cement 850,  854 

rates  how  levied  in 209 

tramways  in    292 

water-rates  in  204 

Long-iom  gold  cradle   373 

Loop  system  of  tramways 297 

Lords,  Private  Bills  in  House  of    4,  6,  11 

Louvre  bladesroof 874 

Lowmoor  iron 546,  549 

Macadam  on  bridges  147 

Macadamised  tramways 306 

Machine  bearings  adjustable 765 

excavators  825 

tools 735 

arrangement  of  513 

choice  of 764 

classification  of  736 

cutting  speed  of 7^9 

foundations  for   764 

hydraulic 759 

management  of 473,  768 

packing  of  766 

piecework  with  769 

portable  7^3 

railway    687 

Machinery,  depreciation  of  770 

erection  of  450 

maintenance  of  I'O 

m  ining 405 

Magnetic  iron  ore 381 

Mails  carried  on  tramcars     289 

Malacca  tin 397 

Malay  tin    397 

Malleable  cast  iroti    564 

or  rolled  iron 543 

Manganese,  sa'e  of,  by  units 439 

Manganiferous  iron  ore 381 

Mansell  wheels  722 

Manufacture,  conditions  of  461 

risks  and  profits  of 475 

specialities  in 476 

Manufacturer's  name  as  trade  mark  428 

specification    423 

Manufactures,  subdivision  of   474 
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Maps,  ordnance 3 

Marine  boilers 575 

insurance 4  4.7 

worms  intimber 127 

Market  buildings   329 

abattoirs  in 331 

access  to 333 

avenues  through  333,  336 

bonded  warehouses  in   331 

bye- laws  for    340 

cellars  under   336 

cold  storage  in  331,  336 

concesi»ions  for    350 

cost  of 339 

designing  of 334 

entrances  to 333 

galleries  in  335 

garbage  disposal  in 340 

iron 337 

leases  of  333 

lightingof  339 

loans  for   33^1  333 

London 333,  340 

management  of  340 

monoi>olies    331,  332 

municipal    330 

octroi  duties  in  331 

opposition  to 3:2 

paving  of 339 

rents  of  stalls  in 331 

roofing  of 335 

sanitary  restrictions   331 

shops  in  337 

sinking  fund  for 333 

sites  for 331,  333 

Smithfield   333 

staircases  in 335 

stalls  in 332,  338 

tolls  in 331 

ventilation  of 337 

water  supply  for  339,  342 

Measure  and  value,  payment  by 441 

Measurement  tonnage   445 

M  asures  of  quantity,  customary 434 

Mediterranean  coal  freights 363 

Merchant  iron    500 

Mercury,  gold  separated  by 372 

silver  separated  by 393 

Mersey,  tunnel  under 172 

Metals,  found  native 348 
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Meter,  watersold  by 203 

Metrical  horse> power 569 

Mexico,  silver  in   395 

Middlesbrough  ironstone     380 

ore  and  fuel  exchanged 353 

Military  forges 777 

telegraphs  83,92 

Milling  machines 754 

Mine  props,  steel 362 

Mineralogical  reports    345 

Minerals,  assay  of 348,  350 

indications  of 347 

prospecting  for  347 

sampling  01    350 

shipment  of    352*353 

storage  of   356 

transport  of    352 

unskilled  smelting  of    349 

water  carri<ige  for 352 

Miners,  Chinese    401 

choice  of,  for  prospecting > . . .  347 

houses     408 

inch  of  water 374 

&I  i  nes  abandoned,  causes  of    3  48 

ancient    349 

capital  sunk  in   354 

cost  of  proving  349 

denunciation  of 344 

excessive  output  at    355 

heat  in 359 

pit  hills  346 

props  362 

proving  of 346 

purchase  of 346 

Regulation  Act I 

sinking  funds 354 

surface  indications  of    347 

tin    396 

trial  borings  of  348 

ventilation  of 361 

wasting  value  of    354 

worthless    347 

Mining,  accountants 357 

assaying  apparatus    406 

audits 357 

by-products    355 

captains  350 

coal 357 

concessions     345 

copper 3^4 
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Mining,  cost-book  system 357 

customary  laws 344 

derricks  406 

directors  uninformed     357 

drift     3^1,374 

drills    406,  816 

engineers    347 

enterprise    343 

expenditure  sub  divided    351 

experts    347 

gem 401 

gold 370 

hydraulic    373 

interest  on  capital 354 

iron 379 

joint  stock  356 

land  tenure 343 

laws     343 

lead     390 

leases  346 

license  fees 344 

limited  liability 356 

machinery  405 

native  workmen,  for 356,  401 

options    346 

penalties 344 

plant  included  in  rent  346 

poor  man    346 

prospecting 347 

pumps     407 

royalty    292,  360 

silver   392 

surveys    406 

risks  limited  356 

preliminary    349 

royalty 344.354 

share  capital  345 

silver   392 

sinking  funds 354,  359 

surface  damage 346 

indications 347 

rent 346 

right    344 

tin    396 

tools    406,813 

trial  borings   348 

wayleaves   344*  35* 

workshops 351 

Mint  value  of  gold    370 

ofsilver  395 
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Misers,  boring    831 

Mississippi,  estuary  of  I2i 

Mogul  locomotive 698 

Money,  gold  standard  of 456 

units  adjusted 435 

Monopoly,  enforced 39 

gas  supply  239 

market     331 

objections  to   28 

oftrade    4^3 

submarine  telegraph  I05 

telephone     113 

water-supply   196 

Mont  Cenis  tunnel     63 

M  orse's  ay  stem  of  t  elegraphy    82 

Mortar,  Pcrtland-cement  856 

Moscow  tramcars  299,311 

Mount  BischofT  tin     3^7 

Multiple  drills    745 

lathes    74' 

Multitubular  boilers  374 

Municipal  guarantees    31 

ma  ageraent   193,136 

works   12,  16 

Municipality,  gas-works  owned  by  ...  236 

markets  built  by 330 

tramways  owned  by  290 

use  of  tramway  by 289 

water- works  owned  by  1 93 

N  arrow-gauge  carriages 723 

engines 7^7 

railways    60,  66,  69,  474 

tramways 298 

wagons 734 

Nasmyth  steam-hammers 778 

Kevada,  silver  in    396 

New  Brighton  tower 867 

New  Orleans,  carriage  of  coal  to 363 

New  South  Wales  tin    397 

New  York,  cable  trams 319 

conduit  trams 322 

subaqueous  tunnel 1 72 

New  Zealand  gold 371 

lead  in 388 

Newcastle,  chemical  works  at 367 

coal  242,  531 

Newport,  Welsh  coal  shipped  at 530 

N  iagara  cantilever  bridge 1 68 

electric  power 506 
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Nile,  delta  of  river 121 

irrigation  by  the 179 

Nipple-punching    759 

Notices,  Parliamentary,  for  railways  3 

Norzlcs  for  fire-jets    633 

Oak  bark  for  tanning  519 

for  railway  wagons 729 

props  for  coal  pits 362 

Oberusel,  transmission  of  power  at ...  525 

Occupiers  of  land   2 

Octrffi  dixxixcs    17 

in  markets  331 

Officials,  corrupt    54 

Ohms,  electric    256 

Oilengines 606 

fuel   481 

lighting  of  factories    470 

Oliver  smithing-machine  777 

Omissions  and  additions  in  contracts  432 

Open  hearth  steel  558 

Opening  bridges 169 

Oporto  bridge 167 

Opposition  to  private  bills   5 

to  sanitary  works    208 

to  tramways    303 

Ordnance  maps,  railways  projected  on  3 

Ore,  ballast  cargo 3^3 

copper 365 

gold 375 

iron  380 

lead  389 

moisture  in 385,  440 

sta  freight  of  363 

separation  of  353 

shipment  of 353 

silver    392 

sold  by  units   439 

tin 396 

weathering  of 375 

Overhead  bracing  on  bridges   1 66 

electric  trolly  system  320 

railways   295 

tel^raph  lines    90 

Packing  and  stowage  for  export  311 

galvanised  sheets    553 

glass 875 

locomotives 708 

machine  tools 766 
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Packing  portable  engines 596 

Painting  galvanised  iron   872 

ironwork 152,  865 

Panama  canal,  dredging  at  830 

Paris,  cesspools  496 

compressed  air  in    5^^ 

Parliamentary  Agents    5 

procedure  for  Private  Bills   2 

standing  orders   3,  5 

Parson's  steam  turbine  586 

Particular  average,  insurance    447 

Patent  fuel  529 

right  and  trade  mark 428 

Pattern  books  of  rolled  iron S48 

Patterns  and  drawings  of  engines    ...  703 

Paitinson*s  desilverising  process 391 

Paving  of  bridges  147 

ofmarkets   339 

ofroads 308 

oftramways     307 

Payment  by  measure  and  value    441 

by  results 440 

by  schedule  rates    432 

by  shares ii 

by  units  of  contents    438 

deferred    18,  23 

during  manufacture    454 

in  sterling    457 

without  possession 454 

Pclton  wheel  609 

Pennsylvania  iron  trade    383 

Penalties  for  non-completion    38 

Percentages,  price  adjusted  by 435 

Percussion  rock-drills    816 

Permanent  set  in  iron    545 

in  steel 560 

Permanent-way,  railway   61,  659 

Permission  to  execute  works    25 

Peru  du  Rhone^  water  power  of 525 

Peru  tm   392 

Petitions  against  Private  Bills 6 

Phceuixville  columns 863 

Phosphoric  slag  manure    387 

Phosphorus  in  iron 381,  383,  557 

Piecework  with  machine  tooU 769 

Pier  cylinders  for  bridges 1 39,  844 

sinking  of    139 

Piers,  as  breakwaters    129 

bridge  139 

erection  of  128 


PAGE 

Piers,  landing 127 

ore-shipping    353 

promenade  130 

Pig-iron   538 

cargoes  of    543 

cold  blast 538 

depth  of  chill  328 

haematite 381,  543 

hot  blast  538 

phosphorus  in 381 

Scotch 542 

selection  of 542 

Pile  drivers 845 

shoes    847 

Pile>dhving,  schedule  rates  for    437 

Piles,  screw 139 

sinking  hydraulic   848 

Pillar  drilling-machine 742 

Pin-connected  v,  riveted  bridges 142 

Pipe  founding 645 

Pipes,  bolt  holes  651 

cast-iron 644 

coating  of  647 

copper 656 

corrosion  of    647 

covered  with  bitumen  653 

electrolytic  action  on    322 

flange 644 

foundries 644 

inspectors  of  647 

iron  suitable  for 646 

leakage  of  64$ 

nested  for  shipment  653 

prices  of 650 

rain-water  651 

sheet-iron    652 

shipment  of 447,  649 

smithy  blast    652,  774 

spigot  and  faucet  64$ 

standard  patterns  for    648 

steel 652 

testing  of 647 

weight  of    649 

wrought-iron 652 

Piston  area  per  horse-power    569 

speed  of  engines    5691699 

Piston  and  plunger  pump    616 

Pit-hills,  mining    346 

Pit  timber,  mining    362 

Pilchchains   521 
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Pittsburg  coke   386 

Placer  gold  mining   371 

tin  mining  398 

Planing  by  serrated  cutters 754 

machines 751 

Plate  bending  machine 760 

edge  planing-machine  752 

Platelayers*  tools   690 

Plates,  boiler 550,  561 

sbip 550,  560 

steel 559 

tank 550 

tests  for  550 

Yorkshire    550 

Pneumatic  postal  tubes 496 

Pontoon  bridges    171 

Pontoons,  bridges  erected  on  141 

Pony-truck,  locomotive    698 

Poor  man  mining 346 

Porman  iron  ore    v 381 

Portable  engines    593 

boilers  for    594f  59^ 

choice  of 597 

competitive  trials  of 594 

cylinder  capacity    595 

draught  of 593 

extras  on 596 

packing  of,  for  shipment ...  596 

prices  of 596 

pumping  by    594 

straw  fuel  for 595 

hydraulic  tools   493f  763 

punching-bears 760 

riveting-machines 763 

water-engines 489 

winches  805 

Portland  cement    122,849 

air-slaking  of 855 

American    853 

carriage  of 855 

casks  for 855 

chalk  for 850,  853 

clinker 850 

coke  for  calcining 850 

concrete 122,  856 

English   855 

export  of. 850 

fineness  of  852 

German  852 

grinding  of 852 


TAGS 


Portland  cemen%  London-made    850,  854 

materials  for 850,853 

packing  of 855,857 

prices  of 855 

setting  of 852 

shells  as  material  for 853 

slurry  850 

sold  by  brand 855 

specific  gravity  of 859 

storage  of  855 

subaqueous  use  of S56 

tensile  strength  of 857 

testing  of    S51 

testing-machines  for 766 

weight  of 854,  859 

Postal  telegraph  tubes 97,  497 

Power  accumulated  by  water 487 

accumulators,  hydraulic  492,  759,  803 

sale  of 484,  488,  493,  500,  525 

sources  of  358 

transmission  of  479 

Preamble  to  Private  Bills    7 

Pre-emption,  right  of...  39,  239,  270,  292 

Preference  partners  45 

Preferential  guarantees 32 

Prelimary  estimates  for  works 3,  22 

expenses  excessive 56 

syndicates  for 45 

surveys  by  governments   26 

Pressure  pumps 623 

Price  adjusted  by  percentages 435 

enhanced  by  uncertainty 417 

measured  by  schedule  rates 432 

Prices  follow  cost  of  material 443 

Priming  in  boilers 581 

Private  bills  for  railways 4 

enterprise  in  Colonies  16 

Producer  gas 481 

Promenade  piers    130 

Promoters' claims 25,  55 

credentials 47 

of  public  works 18 

of  railway  schemes 3 

profits  deferred 25 

risks 37 

Promotion,  heavy  charges  for 55 

Prospecting,  diamond  drill  for  ...  348,  824 

for  coal    358 

for  copper  364 

for  gems 404 


Index. 


907 


PACE 

Prospecting  for  gold 372 

for  iron   382 

for  lead    388 

for  silver 392 

mine    347 

tools,  mining 406 

Provincial  guarantees   31 

loans    210 

Provisional  orders,  Board  of  Trade...  9 

Public  works,  colonial  15 

foreign    13 

Indian 15 

Loan  Commissioners    118 

permission  for 25 

Puddling  iron 561 

Pulleys,  belting   517,  521 

grooved  for  rope  belting  465 

Pulsometcr  pump 628 

Pumping-engines  613 

beam  617 

fire -extinction    634 

non-rotary  617 

town-supply 202,  618 

Pumps,  bucket  and  plunger 616 

centrifugal  626 

chain   625 

choice  of,  how  determined  629 

Davey 623 

donkey    624 

double-acting 617 

diainage 625 

for  deleterious  liquids  630 

force    616 

hydraulic  493,  624 

lifting 559 

low-lift    625 

mine 616,  618 

plunger    615 

piston  and  plunger 6i6 

pressure 623 

pulsomcter 638 

rising-main  of. 614 

rotative   617 

sand 838 

scoop-wheel    625 

screw  625 

single-acting  614 

three-throw  615 

windmill 487 

Worthington 623 
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Pun.hing,  automatic 756 

bear 760 

machines 757 

hydraulic    759 

portable  763 

mpple 759 

V.  drilling   560,  759 

Purchase  by. schedule  rates 432 

by  telegraph  444 

by  units  of  contents  438 

for  export    442 

Purple  ore  367 

Putty  glazing 875 

Pyrites,  copptr  365 

iron 366 

Spanish  368 

Quadruple  expansion" engines...  582 

Quantities,  computation  of 416 

for  tendering,  approximate 433 

Quantity  surveyors    417 

Quartz,  copper  365 

flux  lead  smelting  with     389 

eow    376,  378 

Queensland  tin  397 

Quicksilver,  gold  separated  by    372 

silver  separated  by 393 

Radial  drilling-machines   743 

Radius  of  curves  on  railways   63 

tramways    300 

Rail-track  of  tramways 305 

Rails    660 

abrasion  of 663 

American  train  302 

Barlow    (^i 

bridge 661 

bull-head     660 

contractors 664 

double-head    660 

electric  welding  of 3J6 

fishing  joints  of 662,  666 

flange  660 

flush 303 

grooved   303 

lengths  of   665 

manufactjrc  of  559 

prices  of 664 

shipment  of    446,666 
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Rails,  standard  patterns  of   663 

testing  of 666 

tramway 302 

Vignolcs 660 

weight  of    664 

welded  joints  of 306 

Railway  axle-boxes    720 

axles    560,  733 

betterment 62 

bills  in  Parliament 4 

block  system  677 

brakes 710,  723 

break-down  cranes    682,700 

bridges    149,  682 

buffer  stops 676 

carriages 713 

American    714 

choice  of     723 

heating  of  720 

lighting  of  720 

narrow-gauge 722 

prices  of 722 

shipment  of. 721 

chairs  667 

coaling  stage  681 

Construction  Facilities  Act  9 

contractors 72 

cranes 682,  801 

crossings     673 

curves 63 

debentures  10 

deviation  limits  3 

equipment  64,  78,  659 

Fell  system 694 

fences  61,  699 

foundries 687 

gauge  58,  78 

gradients     63,  694 

loading-gauge 7'^ 

locomotives    691 

machine  tools 687 

plate  layers' tools  690 

points  672 

rates  of  carriage 724 

revenue   69 

running  sheds 688 

schemes,  particulars  classified  ...       72 

sidings,  factories    468 

sleepers   668 

signals 5  ^  ^>  ^7^ 
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Railway  Speed  limited  61 

station,  roofs  684,882 

stations    683 

switches  672,  678 

toll-bridges 135 

traffic,  interchange  of  75 

receipts   69 

train-mile    70 

transhipment  79 

traversers    676 

tunnels    62 

workshops  686 

wagons    721 

water-cranes   680 

water-tanks 640,  680 

wheel  lathes  687 

tires     559,  702,  719 

working,  convenient  lengths  for      69 

workmen's  houses 690 

workshops 686 

Railways    57 

and  tramways  compared  ...      76,  287 

branch 71 

Construction  Facilities  Act 9 

cost  of 58,  60 

in  newly  settled  ccuntries    66 

land  for  64,75 

light     76 

little    68 

overhead 295 

pioneer    61 

portable  664 

right  of  pre-emption     38 

single-line  64 

working  expenses  of 70 

Rainfall  for  irrigation    185 

for  water  supply    206 

Rain-water  in  sewers    213,221 

pipes   651 

Rainy  seasons,  irrigation  in     1 79 

Ramps  for  derailed  carriages  690 

Range  of  stress  on  bridges  151 

Rates  as  security  lor  loans      193,  209,  236 

how  levied  in  London 209 

water  203 

Reclamation,  Government  aid  for  ...     i8S 

ofland 186 

of  river  banks 187 

of  sandy  shores 18S 

protective  works    189 
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Reclamation,  tidal  works 187 

Red  short  iron   547 

Refineries,  copper 367 

Referees,  parliamentary  6 

Reference  book  for  railway  project  3 

Refuse  carried  on  tramways    .........  289 

destructors 217 

Regulus  coppv!r 366 

Rental  rate  for  water    203 

Rent  capitalised    35 

mining     344 

of  machinery  abroad 452 

Report  of  private  bills      5 

Reservoirs,  water-works  200 

zones  of  altitude     200 

Restraint  of  trade  bylaw 463 

Retention  money,  contractors* 38,  453 

Reversion  of  railways  to  State    39 

Revolving  lights,  lighthouse   866 

Rhone  river  canal 121 

Rialto  arch  bridge     137 

Rice  lands,  irrigation  of  179}  '^^ 

Right  of  water  205 

Right  of  way  for  bridges 168 

for  electric  conductors  284 

for  telegraphs 84 

for  telephones    112 

in  contract  works 418 

Rio  de  Janeiro,  drainage  of 228 

Rio  Tinto  copper  mine     368 

Rising-main  of  pumps 614 

River  regulation    187 

Rivers,  catchment  area  of    204 

pollution  of,  by  sewage    215 

Pollution  Prevention  Act 215 

sewage  discbarge  into  220 

Rivet  forges   77^ 

furnaces 775 

Riveted  v.  pin-connected  bridges  ...  142 

Riveting,  hydraulic   759 

machine  z^.  hand   1^\ 

machines 762 

portable 763 

Rivets,  heating  of 761 

Road  paving,  cost  of    261 

rollers,  steam 601 

Rock  mining,  gold    376 

Rock-dnlling,  subaqueous  821 

Rock-drills 816 

compressed  air  for 501,  817 
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Rock-drills,  cost  of  820 

steam  power  for 819 

Rolling-stock,  railway  711,  723 

Roofs,  accessibility  of,  for  repairs  ...  875 

arched 870 

cost  of 880 

dome  868 

gabled  or  hipped  870 

iron  and  steel 868 

large  span  685,882 

lighting  of 874 

on  girders  870 

painting  of 875 

railway  station   684,882 

ridge  and  furrow    874 

saw-shaped 874 

steel 876 

travel ling-la<lders  for 874 

ventilation  of 873 

weight  of 880 

wind  pressure  on   166,  882 

Roof  covering    338,  871 

copper 87 1 

galvanised  iron  872 

!                  hair  felt   873 

i                  lead 871 

slates   873 

thatch 871 

tiles 873 

zinc 871 

Ropes,  transmission  of  power  by    ...  520 

used  as  belting  519 

wire 522 

Rotary  Steam-engines    586 

water-engines 609 

Rotative  beam-engines 583 

Royal  Agricultural  Society 594 

Royal  assent  to  Private  Bills   8 

Royalties,  coal   360 

how  assessed  345 

mining 344,  354 

Rubio  iron  ore  326 

Ruby  mines    403 

Ruhmkorflf  coil,  electric    265 

Running  powers  on  railways  75 

Running-sheds,  locomotive 688 

Russian  roofing-sheets 552 

Rust  in  bridges 151 

Rusting  of  ironwork 865 

Rusty  gold 375 
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St.  Gothard  tunnel 63 

St.  Louis  bridge  caissns 844 

Sample,  bulk  unequal  to 440 

comparison  of  bulk  with  350 

hidden  defects  in   427 

purchase  by    425 

Sampling  of  minerals    350 

of  water  205 

Sand  blast,  locomotive 667,  697 

cement  tested  with    851 

pumps 838,  845 

Sandy  shores  reclaimed    i88 

Sanitary  bye-laws 218 

works,  opposition  to 208 

Sash  bars,  lead,  wood  and  zinc  875 

Saws  for  cold  iron 757 

for  hot  iron 785 

Scale  for  railway  plans 3 

Schaffhausen,  power  transmission  at      525 

Schedule  contracts    432,839,848 

part  payments  by  454 

purchase  by    432 

Scoop-  wheel  pumps 625 

Scotch  pig-iron 540 

Scotland,  coal  shipped  from    530 

Screw-cutting  lathes 739 

Screw-pile  masts  for  telegraphs 89 

Screw-piles 128,  138 

Screw- punching  machine 760 

Screwing  machines    756 

Screws,  American  standard 756 

Whitworth 756 

Sea-carriage,  cost  and  risk  of 445 

Secondhand  trades    469 

Second  reading  of  Private  Bills  6 

Sedimentary  irrigation 1 79 

Segmental  columns   I39»  863 

specification    421 

Semaphore  signals     678 

telegraphs  82 

Service  reservoirs  for  water aoo 

Severn  river  tunnel   172 

Severance  of  laml  o voided   68 

loss  by  for  railways   2 

Sewage,  chemically  treated  222,  227 

crops  fertilised  by 212,  224 

disposal  of 216 

irrigation 1 79,  222 

leaping  weirs  for    225 

outfalls    219 
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Sewage,  pail  system 214 

pollution  of  rivers  by   215 

precipitation  of 227 

value  of  224,229 

works,  cost  of    229 

Shafting,  couplings  for \  541 

in  factories 515 

laying  out  of  5*3 

planished    514 

transmission  of  power  by 512 

Shafts,  mining    360,361,406 

Shaping  machines 753 

Shares,  contractor  paid  by  n,  41 

in  mines,  deferred 357 

pledged  as  security    43 

sale  of,  by  contractors 41 

watered  56 

Shear  steel  for  welding     565 

Shearing  machines    757 

Sheer  cranes,  permanent 789 

Sheers,  lifting 788 

Sheets,  annealed  iron   552 

corrugated  iron 553,  872 

Russian   552 

Shell  augers    815 

Shipment  of  coal  363 

of  engineering  material 445 

of  iron  ore 439 

of  locomotives    708 

of  ore     352 

payment  for  g^ods  on  454 

Shipping  facilities 531 

Shoals  in  rivers I2f 

Shops  as  parts  of  markets    337 

Shunting  of  railway  wagons    726 

Shutter  telegraphs 82 

Sicily  brimstone     367 

Siemens'  producer  gas 482 

steel 558 

Signals,  Morse's  system  of  82 

railway    67^) 

Silver,  currency 456 

demonetisation  of 395 

fall  in  value  of   39^,4^6 

galena 390 

gold  found  with 395 

lead  ore  390 

machinery  for  separating 393 

mining  of    392 

mintngc  in  India    396 
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Silver,  native 392 

ore  392 

price  of  396 

refining  of  391 

standard 395 

sulphide  of     395 

sulpharets  393 

Sinking  fund  ......    39,  119,  209,  333,  354 

electric  lighting 283 

mining    354 

Sla^,  blast  furnace    187,387 

Slates,  roofing    8'3 

Sleepers,  cast-iron 670 

creosoting  of 669 

longitudinal    305,  661 

pot  670 

shipment  of    669 

steel 671 

tramway 305 

trough-shaped    305,  671 

wood   669 

Sleeping  car,  railway    722 

Sleigh  tram-cars    311 

Slide  lathes    738 

Sliding-gap  lathes 739 

Slopes  of  railway  cuttings    64 

Slotting  machine  753 

Sludge  channels,  mining 374 

Smelting,  local  facilities  for    352 

ofcopper    366 

of  iron 385 

of  lead 389 

Smithing  machine,  hydraulic 785 

Smith's  hearths 771 

brick    772 

fire-bricks  for 772 

iron 772 

Smithy,  arrangement  of  771 

cranes 775,  791 

furnaces 774 

smoke  pipes  652,771 

tools    771,  776 

ventilation  of 771 

Smokeless  coal  528 

Smoke  pipes,  smithy    771 

Smoking-cars,  tramway   311 

Snout  boring  machine  75 1 

Socket  pipes  644 

Solder,  tin  med  for  mak  ing 396 

South  Walcis  stc Jm  coal 530 
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Southwark  Bridge 146,  161 

Spain,  irrigation  in   183 

Spanish  iron  ore    383 

lead 388 

mining  laws    344 

pyrites 367 

Spark  arresters,  chimney 699 

Spathose  iron  «Te 380 

Specialities,  division  of  trades  into...  476 

Specification,  buyer's    413 

by  sample  425 

seller's 421 

Speculative  contracts   440 

Speed  lathes  740 

Spelter  for  galvanising  iron 553 

Spigot -and-faucet  pipes    644 

Spiral  drills    748 

Staircases  in  markets     335 

on  jetties 131 

Stamp  hammers 1%Z 

Stanchions,  steel    864 

Standard,  Cornish  tin  400 

gauge  of  railways  58,67 

gold     370 

screws 756 

silver   395 

Standing  orders  of  Parliament 3,5 

State  aid  in  France   80 

to  public  works 13 

when  expedient 33,  71 

State  railways  in  India     34 

Stations,  land  for  railway 64,  684 

S  team  barges  for  dredgers    834 

blast  for  builer  furnaces    575 

boilers     573 

brakes,  railway  700,  707 

Steam-engines    566 

beam    583 

boilers  for    573 

buildings  for  592 

carriage  of 591 

catalo<:!ues  of  ^86 

choice  of 567,  591,  704 

compound   572 

conHensing 569,  580 

duplicate  parts  of  591 

extra  parts  of 590 

foundations  for  592 

horse-power  of  568 

horizontal    583 
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Steam-engines,  non -condensing 580 

piston-speed  of  570 

portable  593 

pumping 617 

rotary 586 

space  for 5^7 

starting  of  568,636 

substitutes  for 566 

testing  of 588 

three  cylinder 586 


Watt 


^^ 


568 


Steam,  expansion  of 572 

excavators  827 

fire-engines     635 

jacketing 581 

hammers 777 

anvils  for 783 

boilers  for  782 

choice  of     784 

different  blows  from 78 1 

double-acting     778 

foundations  for   783,784 

Nasmyth     778 

nuisance  from 785 

rating  of 780 

single-acting  781 

single  frame    779 

sizes  and  prices  of 779 

navvy 827 

pile-driver  846 

pipes    484 

pumping-engines    617 

pumps 620 

sale  of,  to  users 484 

superheated     485,  581 

transmission  of  power  by 483 

turbines  5^ 

winches   800 

Steamships,  electric  lighting  in      239,  278 

Steel    556 

and  iron  compared    145,  556 

annealing  of  560 

bars 561 

basic    384,  557 

beams 563 

Bessemer     382,  557 

boilers 578 

bridges     145 

columns  864 

elastic  limit  of    560 
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Steel  forgings 554,  561 

ingots 561 

ingot  iron   557 

mine  props 262 

open-hearth    558 

piles 139 

pipes  and  tubes 652,  655 

plates 561 

punching  of    553- 560 

rails 305,  559,662 

rail  way- wagons 718,  730 

roofs    875 

Siemens  55S 

sleepers   305,  67! 

smithing  of 877 

Spanish  ore  for 383 

stanchions  864 

strength  of 145,  560 

tires 559 

tool 564,  76S 

Whitworth's  compressed  ...    495,  563 

wire  rope    523 

Steep  gradieuts 63,  301,  694 

Sterling  exchange 456 

payments  in   458 

Storage  batteries,  electric 268 

of  water  for  power    488 

Stream  mining,  tin    398 

Streets,  bye-laws  for 216 

Subaqueous  excavation 1 40,  83 1 ,  843 

rock  drilling  821 

tunnels    171 

Submarine  telegraph  cables 99 

Subsidies  for  public  works  27 

Suez  canal,  dredgers  for  835 

Sulphate  of  alumina  for  sewage 22S 

ammonia 243 

Sulphur,  in  coal 528 

in  coke    530 

ingas  243 

in  lead  ore  390 

in  silver 393 

pyrites 366 

uses  of 367 

Sulphuret,  lead 390 

silver   593 

Sulphuric  acid  from  sulphur    "  367 

Sumatra  tin    397 

Sunderland,  coal  shipped  at   530 

Superheated  steam    485,581 
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Sureties,  contractors'    37 

Surface  damage,  mining  ...   344,  346,  374 

Surfacing  lathes 739 

Surveying  tools,  mines 406 

Surveyors,  quantity  417 

Surveys,  contractors' 48 

for  railways    3 

government    26 

mining    345 

Suspension  bridges   167 

Swages,  smiths' 775 

Swan  glow  lamps 261 

Swansea  copper  works 366 

Swedish  iron 385 

ore  380 

Swing  bridges      169,  493 

Switches,  railway 672 

Switzerland,  water-power  in  ...    488,  525 

wire  rope  transmission  in 525 

Syndicates 45 

discredited 46 

Syphon,  dredged  spoil  conveyed  by  835 

excavators  831 

writer,  telegraph   loi 

Table  Bay  Harbour    120 

Tailings,  gold    375 

Tank-engines     ,...  707 

effect  of,  on  bridges 149 

Tanks,  carriage  of. 639 

cast-iron ;  640 

elevated  201 

erection  of 641 

flanges  of    640 

gas-holder  247 

lofty    643 

railway    680 

supports  for    643 

wrought-iron 642 

Tar  residue  from  gas 242,  251 

Tarpaulins  for  railway  wagons    726 

Taamanian  tin    397 

Taxes,  sanitary 209 

Tay  bridge 166 

Teak  for  railway  wagons 729 

Tee  bars,  iron    555 

steel 561 

Teledynamic  cables  522 

Telegraph  cable  trusts 105 
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Telegraph  cables   99 

conductors 96 

contractors 84,91,  102 

engineers ,.    85 

instruments,  improvements  ...  98,  loi 

insulators    87 

operators,  instructions  to 84 

poles    8$,  656 

routes  difficult   89 

sheathing  wires,  corrosion  of  ...     loi 

ships    103 

transmission,  speed  of 102 

ventures,  speculative 103 

Western  Union 91 

wires   88,  104 

Telegraphs 82 

cost  of  land  line 91 

government  aid  for    84 

to  India  85 

interchange  of  traffic 95 

long-span  wires 87 

military  92 

opposition  to 85 

penalties  for  damaging 85 

pneumatic  tuHes 97 

railway  signalling 83,  677 

semaphore *..      82 

submarine  99 

temporary  lines 92 

transactions  by  444 

underground  96 

Telephone 106 

Exchange   109 

monopoly 113 

trunk  lines iii 

Telescope  pile-drivers  846 

Tenders,  comparison  of    416 

contractors'    417 

corrupt  dealings  with   435 

held  open    443 

increased  by  uncertainty 418 

insu'.ficient  particulars  415, 459 

unfairly  dealt  with 47^  419 

Tennessee,  iron  ore  in  383 

Testing  of  boilers    579,  708 

cast  iron 541,  646 

iron  pipes    641 

locomotives    708 

machines 766 

Portland  cement   851,  858 
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Testing  rails  666 

rolled  iron  545,  554 

steam-engines 589,  708 

steel 560 

tabes   655 

Thames  bridges,  widtb  of   146 

sewagein    220 

opening  bridge  over 169 

Tharsis  copper  mine 368 

Thatch  roof  corering    871 

Three-throw  pomps 615 

Through  bridges  157,162 

Tidal  reclamation  works  186 

rivers,  sewage  in    220 

sewers 219 

Tiles,  roofing 873 

Tilt  hammers 777 

Timber  bridges 144 

Tin,  alloys  of. ,..  396 

miners,  Chinese 400 

mining    396 

ore  398 

placer  mining 598 

plates,  production  of........ 397 

refined , 400 

separation  of , 399 

standard,  Cornish 400 

stream 39S 

uses  of  classified 396 

value  of  397 

Tipping  ground  at  ironworks 387 

at  mines 346 

Tires,  railway  wheel   559,  719,  733 

steel  for  559 

Tolls,  bridge 135 

concessionaires  36 

dock    118 

maritet    330 

Tonaage,  weight  and  measurement  445 

Tool  steel  564,768 

stores  in  factories 769 

Tools,  grinding  of 755,  769 

Torpedo  engines,  compressed  air    ...  502 

Tower  bridge,  London 169 

Towers,  steel b66 

Town  drainage 208- 

refuse  217 

Traction-engines   599 

on  bridges  148 

.     cranes  attached  to 600 


Traction*«ngine9,  wagons  for  60 1 

Trade-marks  42^ 

conventional  or  common 45a 

falsification  of. 430 

iron 544,  ;S4 

Portland  cement    855 

Traffic  on  bridges 154,  146 

on  railways 6g 

receipts  on  railways  ^o 

Traill  ng-points  672 

Training  walls,  river 121 

Train  mile,  railway  expen.«es  per    ...  69 

Trains,  electric  lighting  of 27S 

resistance  of  69^ 

weieht  and  speed  of 691,716 

weight  of, 716,  725 

on  bridges  150 

workmen's  cheap  471 

Tram-cars  30S 

compressed  air  316 

crowding  on   325 

electric    320 

fare-box  system 309 

horsing  of  312 

one-horse    310S 

shipment  of    311 

steam  , 313 

two-horse    309 

two-storied 509 

Tramways  287 

advantages  of. 28S 

American 292,  306 

B.O.T.  regulations   291 

Broadway,  N.Y 311 

Buenos  Ayres 315 

bye-laws  for    326 

cable   317 

concessions  for  28f 

conduit  electric  system 322 

cost  of 323 

curves  on 300 

electric  bonding 322 

France    291,306 

Germany 291 

Glasgow 290 

good  will  of    292 

gradients  on    300 

interlacing  297 

Irish 29S 

Italy    291 


Index. 
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Tramways,  leases  in  England  ...    288,  291 

London   292 

loop  s)sttm  of   297 

Moscow  299 

municipal    290 

narrow  gauge 298 

paving  ot'    307 

purchase  of 292 

rails 302 

road  maintenance  306 

single  line   296 

sleepers   304 

sleigh  311 

steam  314 

width  of  streets  for    295*299 

Transformers,  elect lic  ,...    261,  265 

Transhipment  of  goods 79,  468 

Transmi:ision  of  power 479 

by  belting    ^ 516 

by  compressed  air 496 

by  connecting-rods    509 

by  electricity 504 

by  gaseous  fuel 481 

by  bhafting 512 

by  steam 483 

by  water 485 

by  wire  rope  522 

Transport,  facilities  for 467 

inland,  difficulties  of 4/19 

of  minerals 352 

Transvaal  gold  378 

Travelling  cranes  805 

dredgers 826 

Traversers  railway 617 

Triple-expansion  engines 582 

Trial  borings,  mines 348,  406 

Truck  system  of  wages 362,  401 

Tubbing  of  colliery  shafts    360 

Tubes,  annealing  of 657 

as  signal  connectiixg-rods 511 

boUer  574,57^,654 

boring-tool 814,  823 

brass    656 

^•^^•^l'\^4    •••    ■••   ••*    •■•  •••    •■«    A^^    a*^   «•■««•    ■••  ^^Jm 

discount  prices  of  436,  657 

hydraulic 655 

jointing  of  653 

Tubes,  lap  or  butt  welded    655 

locomotive 702 

marine-boiler 656 
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Tubes,  steel    655 

tests  for   655 

Tunnel,  Albert  dock 172 

Ampthill 62 

Arlberg   63 

City  and  Southwark 17! 

Clyde  172 

Hudson   172 

Lake  Michigan  173 

Mersey    172 

St.  Clair 173 

Severn 172 

Tunnels,  cost  of  railway   62 

instead  of  bridges  170 

subaqueous 171 

Thames    171,  172,  173 

use  of  compressed  air  in    501 

Turbines 609 

steam    586 

Turntables,  railway    615 

Turret  tool^huldeii 738 

Tuyeres,  smiths' hearth    774 

Twist  drills 748 

Underframes,  railA^ay  caniage...  718 

wagon 729 

Underground  railways 172 

telegraphs   96 

Units  of  contents,  contracts  based  on  438 

of  measurement  in  contracts 434 

Urban  sanitary  authorities   209 

U4»ance  of  bills   458 

Vacuum  brakes,  railway 502 

Ventilation  of  coal  cargoes  531 

coalpits  361 

roofe 873 

Vested  interests  respected 2 

water  rights    205 

Vignoles  rails 660 

Virginia,  coal  in    361 

Volts,  elearic 256 

Wagons,  contractors*  734 

railway    723 

wheel  base  of 725 

Waling  piles   776 

Warehouse  cranes 792 

floors    863 

Warping  up  of  land  186 
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Wash-mills,  cement-making 850 

Water  companies,  dividends    204 

consumption  of 30i 

cost  of  obtaining    202 

cranes,  railway  680 

engines    489, 609 

for  steam  boilers    470,680 

gw  482,  775 

power,  sale  of    204,  488,  610 

rates    182,  197,  203 

right  to  take  205 

sale  of 196,  490 

samples  of 205 

supply,  fire  extinction  200 

in  sewage    190,215,232 

tanks  201,  639 

waste  of 201 

weight  of    486,641 

wind  force  utilised  by  487 

Watered  shares 56 

Waterloo  and  City  Railway    171 

Watershed,  geology  of 205 

Water-tight  bridges 147 

Water-tube  boilers    577 

Waterworks  192 

bye-laws  for  198 

capital  for  194 

cost  of 202 

Watt's  Cornish  engine 619 

Watts,  electric  256 

horse-power  standard  570 

Way-leave,  bridges  168 

electric  conductors    284 

gas  fuel  483 

Way-leaves,  mining 352 

Welding,  electric  786 

Well-sinking  tools 814 

Wells,  water  supply  from    185 

Welsh  coal 360,  530 

coal-shipping  ports    530 

Western  Union  telegraphs  91 
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Westminster  Bridge,  width  of    146 

Wharf  cranes    790»  803 

Wheel  lathes 687,  74i 

Wheels  and  axles,  railway  718,  730 

Whitworth's  compressed  steel...    495,  563 

standard  screw  756 

Winches 794»  800 

hydraulic    805 

Wind-bracing  in  roofs 876 

force  utilised  by  water 487 

pressure  on  bridges  i66 

Windmill  pumps  487 

Wine  and  coal  dues,  London 17,  209 

Wire,  copper 3^4 

for  telegraphs 1....      88 

Wire-rope,  bridge  erection  by     168 

cranes  stayed  by    792 

transmission  of  power  by 522 

Working  expenses  on  railways   69 

on  tramways  325 

Workmen,  cheap  subsistence  for    ...    472 

cheap  trains  for 471 

Workmen's  houses    471,688 

Workshops,  railway 686 

Worthington  pumps 623 

Wrought-iron    543 

tests  for  545 

Yorkshire  iron    546 

bars 554 

plates  549 

Z-bars,  rolled 563 

Zinc  alloy  for  tubes  656 

coverings  for  roofs    871 

electric  battery  483 

sash  bars 875 

Zones  of  altitude,  water  supply     200,  489 

electric  lighting  areas    263 

Zurich,  sale  of  power  in  48S 

wire  rope,  transmission  in    525 
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OPINIONS  OF  THE  PRESS. 


Mr.  Matheson  has  written  a  book  to  aid  those  interested  in  the  projection  of 
engineering  enterprises  by  classifying  and  linking  together  the  technical  and 
economical  conditions  which  determine  the  success  or  failure  of  such  works,  and 
by  carefully  and  separately  enumerating  the  preliminary  particulars,  without  which 
neither  estimates  of  cost  nor  designs  can  be  made.  Mr.  Matheson's  book  is  of  an 
unusual  and,  it  might  almost  be  said,  novel  character.  The  author  makes  a 
perfectly  successful  attempt  to  anticipate  most  of  the  leading  questions  which  will 
occur  on  the  inception  of  any  enterprise,  questions  which  in  many  cases  could 
only  be  answered  by  an  engineer  of  experience.  The  book  is  one  which  every 
consulting  engineer  and  capitalist'Contractor  engaged  on  foreign  work,  and  young 
engineers  likely  to  be  employed  abroad,  should  possess.  It  is  equally  a  work  to 
be  perused  by  promotorsof  engineering  enterprises  abroad,  and  by  those  intending 
to  invest  therein.^  7)1^  Engineer ^ 


The  author  has  been  severely  and  systematically  concise.  The  book  clearly 
lays  down  the  conditions  upon  which  success  depends,  and  the  kind  of  information 
which  must  be  obtained  before  plans  can  be  properly  drawn.  Every  page  bears 
evidence  not  only  of  his  carefulness  and  painstaking,  but  of  his  ability  to  execute 
the  difficult  task  he  has  undertaken. — Engineering, 


The  subject  is  treated  in  a  most  satisfactory  manner.  Nothing  appears  to  have 
been  forgotten ;  it  is  surprising,  indeed,  that  the  author  has  been  able  to  bring 
together  so  much  valuable  information  into  the  small  compass  of  a  single  volume. 
— The  EconomisL 


The  subject  of  concessions  for  engineering  enterprises  in  foreign  countries  is 
treated  at  some  length,  and  if  studied  by  persons  likely  to  embark  in  such  under- 
takings, may  save  much  time,  much  money,  and  consequent  heartache.  We  strongly 
recommend  the  book  to  the  considexaiion  of  a  much  larger  circle  of  readers 
than  those  only  interested  in  the  projection  of  engineering  enterprises  in  foreign 
countries. — 7  he  Builder, 


Perhaps  the  first  Chinese  translation  from  the  English  of  a  technical 
work  consists  of  eight  chapters  of  Mr.  Matheson's  Aid-Book  to  Engineer- 
ing Enterprise.  Printed  on  fine  thin  rice  paper,  ttom  large  t7i>ei  this 
book  is  enclosed  in  loose  boards  of  polished  rosewood  held  together  with 
silk  ribands,  each  chapter  being  separately  stitched  into  a  silk  cover. — 
The  Athenaum, 
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THE 

DEPRECIATION  OF  FACTORIES, 

MINES,  AND  INDUSTRIAL  UNDERTAKINGS, 
AND   THEIR  VALUATION. 


CONTENTS. 

PART  I.  DEPRECIATION.  The  general  principles  of 
Depreciation  and  the  various  modes  of  "Writing  off"  the 
loss  arising  from  Wear  and  tear  and  other  causes  explained. 
Fallacious  methods.  Income  tax  on  deductions  for  depreciation. 
Reserve  funds.  Sinking  funds.  Borrowed  capital.  Sleeping 
partners.  Rates  of  depreciation,  how  determined.  Reductions 
in  value  arising  from  alterations  in  trade,  new  inventions  and 
other  indirect  causes.  Obsolete  plant.  Division  into  classes 
for  depreciation.  The  depreciation  of  temporary  or  Wasting 
properties  such  as  Collieries,  mines,  Concessions  of  public 
works  for  terms  of  years.  Patents,  and  the  methods  of  establish- 
ing Sinking  funds  for  restoration  of  capital.  Example  of  the 
depreciation  of  a  Factory  in  30  years.  Table  I.  Showing  the 
effect  of  different  rates  of  depreciation  in  terms  of  years. 
Table  II.  Annual  rates  for  Reserve  funds.  Table  III. 
Annual  rates  for  Sinking  funds.  Table  IV.  Rates  of  premium 
for  Leasehold  Assurance. 

PART  II.  VALUATION.  Different  kinds  of  "value" 
defined.  Value  as  for  Compulsory  purchase,  or  as  of  a  Going 
concern,  or  of  a  factory  that  has  Stopped  working.  The 
valuation  of  losses  by  Fire,  and  the  rules  of  fire  insurance 
explained.  The  value  of  Land,  Buildings  and  Plant  if  a  factory 
is  dismantled.  Working  capital.  Borrowed  money.  Value  of 
Site  and  of  Goodwill.  Value  of  Patents  and  Trade-marks. 
Rental  value  of  factories.  Rateable  value  and  the  principles  of 
Assessment.  Trade  fixtures ;  Bills  of  Sale ;  Debentures.  The 
locality  of  Factories  and  the  circumstances  which  determine 
suitability  for  particular  trades. 


DEPRECIATION    OF    FACTORIES. 


OPINIONS  OF  THE  PRESS  ON   THE  FIRST  EDITION. 


From   THE   SATURDAY    REVIEW. 

All  industrial  works,  it  need  hardly  be  stated,  wear  out  sooner  or  later. 
For  a  while  the  machinery  and  buildings  may  show  no  signs  of  decay,  and  may 
appear  even  better  than  when  first  set  up,  just  as  the  human  machine  gains  in 
efficiency  by  practice  and  exercbe ;  but  not  the  less  certain  is  it  that  each  day 
that  passes  brings  them  nearer  to  the  end  of  life. 

Unless  owners  would  see  the  whole  of  their  capital  consumed  and  them- 
selves bankrupt,  they  must  make  provision  in  time  for  meeting  gradual  decay. 
To  impress  this  upon  them,  and  to  discuss  how  the  provision  can  best  be  made, 
is  the  object  of  the  little  volume  before  us,  which  is  written  with  knowledge 
and  judgment  Mr.  Matheson  discusses  with  some  minuteness  the  various 
rates  of  depreciation  that  shall  be  allowed ;  and  if  the  rules  he  lays  down  are 
carefully  followed  there  will  be  very  little  room  for  error. 

From  THE   ENGINEER. 

The  capital  invested  in  factories  in  this  country  alone  makes  the  subjects 
of  Mr.  Matheson 's  book  of  importance  to  a  large  class,  and  the  want  of  infor- 
mation on  the  rates  at  which  factories  and  plant  depreciate,  the  numerous  causes 
of  variation  in  these  rates,  and  the  absence  of  agreement  in  the  practice  of 
arriving  at  or  assigning  them,  renders  Mr.  Matheson*s  book  important  because 
it  is  a  successful  attempt  to  systematize  existing  information,  and  to  make  it 
possible  to  arrive  at  something  like  uniformity  and  accuracy  in  tlie  practice  of 
making  up  balance  sheets  for  valuations. 

A  notable  feature  of  the  whole  book  is  a  most  complete  system  of  side 
index  notes  and  page  references  to  other  parts  of  the  book  and  to  the  curves  and 
tables  which  give  numerical  value  to  the  facts  set  forth. 

Though  we  might  review  this  book  at  length,  it  will  be  sufficient  to  say 
that  the  work  is  unique  of  its  kind,  and  that  no  pains  have  been  spared  to 
make  it  really  valuable  to  the  very  large  class  it  addresses. 

From  THE   STATIST. 

The  author  in  this  work  supplies  auditors  and  accountants  with  some 
valuable  data  to  enable  them  to  properly  deal  with  facts  and  figures  as  to  the 
fair  allotment  to  capital  or  revenue  of  actual  expenditure  or  estimated  depreda- 
tion. The  work  now  before  us  deals  concisely  and  clearly — first  with  the  items 
of  depreciation,  and  next  with  valuation.  The  work  as  a  whole  deals  with  a 
practical  subject  in  a  practical  manner. 

From   THE   LAW   TIMES. 

Mr.  Matheson  has  succeeded  in  bringing  together,  within  a  small 
compass,  a  large  amount  of  practical  information  of  a  kind  which  is  not  gene- 
rally available,  aud  it  is  therefore  all  the  more  valuable. 


London :  E.  &  F.  N.  SPON,  Ltd.,  125  Strand. 
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